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DIR, 
NN dedicating this Tranſla- 
tion to You, I do no more 
than what my learned 
Friend, the ingenious Au- 
thor, would have done, if Cuſtom 
and Gratitude had not obliged him 
3 a 2 | to 


The Dedication. 
to offer the firſt Philoſophical Work / 
he has publifh'd, fince his being a 

Profeſſor, to the Governors of the 7 i 
Univerſity that gave him the Chair. D 
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And as there are more Admirers of n 
your wonderful Diſcoveries, than v 
there are Mat hematicians able to t 
underſtand the two firſt Books of © 
your Principia So J hope You will 4 
not be diſpleaſed, that both my h 
Author and myſelf have, by Ex- n 
periments, endeavoured to explain t 
ſome of thofe Propofitions, which 7 
were implicitely believed by many v 
of your Readers; at the ſame Time a 
that the greateſt Part of your third 
Book, and ſeveral of the Corolla- 
ries and Scholia in the other two, 1 
gave them the higheſt Satisfaction 
that an inquiſitive Mind is capable i 
of receiving. Mathematicians of a 
vx lelps in reading your incompara- 
= ble Works, 485 freſh Pleafore in t 
ſeeing thoſe Experiments perform- P 


ed which you have made yourſelf iS | 
= | ä 
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And though ſome: of ours may not 
2 always prove, but fometimes only 
7 illukrate a, Propoſition ; yet, ſuch 
MMathematicians, as are * 4 com- 
municative Temper, will be glad to 
uſe them, as a new Set of Words, 
to give Beginners ſo clear a Notion 


of the Syſtem of the World, as to 


encourage them to the Study of the 
higher Geometry; whereby they 
may know how to value your Solu- 
tions of the moſt difficult Phæno- 
mena, and learn from You, that a 
whole Science may be contain d in 
a ſingle Propoſition, 

Fo R my own Part, fince I can- 
not enough acknowledge the Ad- 
vantages which I have had by be- 
ing admitted to your Converſation, 
and your generous Way of grati- 
fying me for ſuch Experiments as 
I have made by your Direction; 
therefore I ſhall here forbear to 
pay that . ibute which is due to 
| | Lou 
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You from all Lovers of Knowledge 
and rather chuſe to be thought fin- 


1 _ by praifing, to offend Þ 


»& 3 


Your moſt Obedient, 
SR 
Ven Humble Servant 3 


J. T. DES AdULIER 8. 
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FHS Book will fle eng 
recommend itſelf; there. 
2FVore, I need not ſay any 
Thing in praiſe of it, either on Ac- 
count of the uſeful Subject that it 
7 treats of, or the excellent Method 
( and Familiar W: ay zin which our 
3 Author has handled it : only I 
¶ thought proper to obſerve to the © 
' UV Reader, that the Numbers in the 
Margin expreſs ſo many Propoſi- 
8 7:ons, which are ere „ as you 
go forward in the Book, to avoid 
Kepetitions and Tautolog y. If what 
printed in Italic Characters be 
read by itſelf, it will appear to be 
3 4 Compendium of the whole Book; 
or the Doctrinal Part of it we 
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The Tranſlator to the Reader. 
11 Experiments and Demonſtra- 
tions. 1 have endeauour d to an- 
ſuer this End in my Engliſh. Tran- 
/Iation, where you will find, that 
Whatever ig in Italic Characters, 
mgkes up the Senſe of the reſt of 
the Book ; which alſoreadily le 
Senſe by itſelf, though taken from 
Places where 17 Jeoms e : 
<< SN. ry | 

he fr ft Edition of this Tran/la 
ton had Home Errors of the Preſs, 
aud Faults in the Plates, hd 
were occglioned by the Haſſe 4 
which it, was primed off, 1 < 
went the Injury "that. mt, 
been done t0 Dr. s Graveſande | 
T' ranſlation. that fome B unde ers 
endeavour 40 © out pefore mina, 
which was ſo il done, 50h no Bo. | 
dy that 544 read the Latin. Boak, T 
would be able 10 2 2. ait in 
their Engliſh. 

T4 have, therefore, in this Secand =] 
Edition, carefully rewew'd aud cor: 
refed every Error, both in the 
Book and N ates, 7 4. - HE 
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F we compare the Writings of diffe=- 
rent Philoſophers concerning P N v- 
SICS, we may eaſily ſee that they 
SA call different Sciences by the ſame 
Yes Name, tho" they all profeſs to ex- 
plain the true Cauſe of Natural * Phenomena. 
Aud no Wonder if they diſagree among themſelves, 
ſince even Mathematicians, who deal in Gertain- 
ties, can hardly be kept from wrangling. 5 
But that Diverſity of Opinions ſhould not deter 
us from ſearching after Truth ; ſince Labour and 
Study will find it out; and the more we are itt 
love with it, the leſs we are liable to Errors, eu- 
cepting ſuch as human Frailty renders unavoidable. 
Wua.e muſt proceed cautiouſly in Phyſics, ſince that 
Science conſiders the Works of the Supreme Wiſ- 
dom, and ſets forth, | | 
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* What Laws JE HOV AH to himſelf pre- 
ſcrib'd, N 

And of his Work the firm Foundation made, 

When He of Things the firſt Deſign ſurvey d. 


How the whole .Univerſe is govern'd by thoſe 
Laws, and how the ſame Laws run thro” all the 
Works of Nature, and are conftantly obſerved with 
a wonderful Regularity. 

We muſt take care not to admit Fiction for Truth; 
For by that means we ſhut out all further Examina- 
tion. Notrue Explanation of Phanomena can ſpring 
out of a falſe Principle: Aud what a vaſt Difference 
there is betwixt learning the Fictions of whimſical 
Men, and examining the Works of the moſt wiſe 
God ! Since an Enquiry into Divine Wiſdom, and 
the Veneration inſeparable from it, is to be the Scope 
of a Philoſopher, we need not enlarge upon the Va- 
nity of reaſoning upon fictitious Hypotheſes. 

Nature herſelf is therefore attentively and in- 
-. how; tobe examined with indefatigable Pains. 
That Way indeed our Progreſs will be but ſlow, but 
then our Diſcoveries {will bs certain; and often- 
times we ſhall even be able to determine the Limits 
of Human Underſtanding. | 

What has led moſt People into Errors is an im- 
moderate Deſire of Knowledge, and the Shame of 
confeſſing our Ignorance, But Reaſon ſhould get the 
better of that ill grounded Shame; ſince there is a 
learned Ignorance that is the Fruit of Knowledge, 
and whichis much preferable to an ignorant Learn- 
ing. e 55 
Natural Philoſophy is placed among thoſe Parts 

of Mathematics,whoſe Object is Quantity in general. 
| | Mat be- 
——= quas dum primordia rerum 
Pangeret, omniparens leges violare Creator 

Noluit, æternique operis fundamina fixit. 
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ThePREFACE 1: he 
Mathematics are divided into Pure and Mixed. 
Pure Mathematics enquire into the General Pro- 
perties of Figures and abſtratFed Ideas. Mixed 
Mathematics examine Things themſelves, and will 
bave our Notions and Deduttions to agree both 
with Reaſon and Experience. 

Phyſics belong to Mixed Mathematics. The Pro- 
perties of Bodies, and the Laws of Nature, are the 


Foundations of Mathematical Reaſoning, as all 


that have examined the Scope of this Science will 
Freely confeſs. But Philoſophers do not equally as 
gree upon what is to paſs for a Law of Nature, and 
what Method is to be followed in Queſt of thoſe 
Laws. I have therefore thought fit in this Preface 
to make good the Newtonian Method, which I have 
followed in this Work. What that Method is, I 


Have briefly ſet down in the firſt Chapter. 


Phyſics do not meddle with the firſt Formation of 
Things. That the World was created by Gov, is a 
Poſition wherein Reaſon ſo perfectly agrees with 


Scripture, that the leaſt Examination of Nature 


will ſhew plain Footſteps of Supreme Wiſdom. It is 
confounding and overſetting all our cleareſt Noti- 


ons, to aſſert that the World may have taken its Riſe 


from ſome general Laws of Motion, and that it im- 
ports not what is imagined concerning the firſt Di- 


_ viſion of Matter. And that there can hardly be a- 


ny 'Thing ſuppoſed, from which the ſame Effect 
may not be deduced by the ſame Laws of Nature; 


and that for this Reaſon : That ſince Matter ſuc- 


ceſſively aſſumes all the Forms it is capable of by 
means of thoſe Laws, if we conſider all thoſe Forms 
in Order, we muſt at laſt come to that Form where- 
in this preſent World is framed ; ſo that we have 
no Reaſon in this Caſe to fear any Error from a 
wrong Suppoſition. This Aſſertion, I ſay, over- 
throws all our cleareſt Notions; as has been fully 
proved by many Learned Men; and is indeed ſo 

A 2 un- 


unreaſonable, and ſo injurious to the Deity, that it 
will ſeem unworthy of an Anſwer to any one that 
does not know that it has been maintained by many 
ancient and modern Philoſophers, and ſome oft hem 
of the firſt Rank, and far removed from any Suſpi- 
cion of Atheiſm. | 3 I 
Then firſt laying it down as an undoubtedTruth, © © 
that Gop bas created all Things, we muſt after- ; 
wards explain by what Laus every Thing is go- 
ve rned; and to mention only the Moon, we muſe 
explain, why 7 1 


*The Silver Moon runs with unequal Pace, Ss. 
Which yet Aſtronomers could never trace, | 
Or fix in Numbers her uncertain Place: 
What Force her Apſides has forward driven, 6 
And made her Nodes recede i th Starry Heaven. F_ 
What is her Pow'r to agitate the Sea, 
Whoſe various Tides her Freſence ſtill obey ; 
When th' Ocean ſwells, its topmoſtBaok- to lave, 
Or ebbs from weedy Shores with broken V. ave, 
Leaving the Sands, the Sailor's Terror, bare: 


—_— 
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In Order to explain more fully which Way we I 
trace out the Laws of Nature, we muſt begin by : 
ſome previous and preparatory Reflexions. 3 

What Subſtances are, is oneof the Things hid. 
den from us. We know, for Inſtance, ſome of the : 


Pro- f 


| 8 i 
— 2, 


r 
4 _ 


CE 
Samet. _—_ 


. 


a+ * 


* Qui cauſa argentea Pheebe 
Paſſibus haud æquis graditur; eur ſubdita nulli 
Hactenus Aſtronomo numerorum fræna recuſet. 
Cur remeant Nodi, curq; Auges progrediuntur. 
— — gquantis reffuum vaga Cynthia pontum 


9 4, 


—_ . * es. i 
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Viribus impellit, dum fractis fluctibus ulvam 
Deſerit, ac nautis ſuſpectas nudat arenas; 
Alternis vici bus ſuprema ad littora pulſans. 


| 
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Properties of Matter; but we are abſolutely igno- 
rant, what Subject they are inherent in. 

Who dares affirm that there are not in Body 
many other Properties, which we have no Notions 
of Aud who ever could certainly know, that, be- 
ſides the Properties of Body which flow from the 
Eſſence of Matter, there are not others depending 
upon the free Power of & on, and that extended 
aud folid Subſtance (for thus we define Body) is en- 
dowed with ſomeProperties without which it could 
exiſt *We are not, I own, to affirm or deny any Thing 
concerning what we do not know. But this Rule is 
not followed by thoſe, who reaſon in Phyſical Mat- 
ters, as if they had a compleat Knowledge of hat- 
ever belongs to Body, and who do not [cruple to af. 
firm, that the few Properties of Body, which they 
are acquainted with, conſtitute the very Eſſence of 
Body. „ 

What do they mean by ſaying, that the Proper- 
ties of Subſtance conſtitute the very Subſtance \ 

Can thoſe Things ſubſiſt when join'd together, 
that cannot ſubſiſs ſeparately © Can Extenſion, Im- 

penetrability, Motion, &c. be conceived without a 
Subject to which they belong? And have we any 
Notion of that Subject. 

We muſt give up as uncertain what we find to be 

ſo, and not be aſhamed to confeſs our Ignorance. Tho 
* we need not fear being too bold in affirming, that a 
F Subject altogether unknown to us may perhaps be 
15 endowed with ſome unknown Properties. Aud thoſe 
3 Men whoat the ſame Time that they ſay, conform- 
ably to this Axiom, That we muſt not reaſon about 
Things unknown, lay it down as a Foundation of 
their Reaſonings, that nothing relating to Body is 
unkntww1 to us, are beholden to meer Chance, if they 

are not miſtaken. Tar 4a LE 
The Properties of Body cannet be know? a priori; 
We muſt therefore examine Body itſelf, aud nicely 
| A3 conſider 
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conſider all its Properties; that we may be able 2 
to determine what natural E Tete do flow from 7 
rboſe Properties. 3 
Upon a farther Fxauinati o of Body, we fnd c. 
there are. ſome general Laws, according to which * 4 
Bodies are moved. It is paſt doubt, for Inſtaunce, EZ 
That a Body once mov d continues in Motion: 0, 
that Reaction is always equal and contrary to 2 
Action, Aud ſeveral other ſuch Laws concerning b; 
Body have been diſcovered ; which can no Way be e 

deduced from thoſe Properties that are [aid to con 
ſtitute Body; and ſince thoſe Laws always hold t 
good, aud upon all Occaſious, they are to be looked a; 
upon as general Laws of Nature. But then we be 
are at a Loſs to know, whether they flow from the Ai 
Eſſence of Matter, or whether they are deducible \ of 
From Properties, given by Go p to the Bodies, tbe E. 
Morld conſiſts of ; but no May eſſential to Body; or En 
whatever finally thoſe Effetts, which paſs for Laws Pi 
of Nature, depend upon external Cauſes, which even £ 
cur. Ideas cannot attain to. 3 Zh 
ho dares affirm any Thing upon this Point con- w. 
cerning all, or any Laus of Nature, without incur- - de 
ring the Guilt of Raſhneſs ? Beſides, whoever ca. th 
mines. the Phanomenaof Nature will be fully per- th 
ſuaded, that many of its Laws are not yet diſco= \J on 
ver d, and that many Particulars are wanting to» th 
wards the compleat Knowledge of others. „ an 
The Study of Natural Philoſophy is not however 40 3 om 

be contemned, as built upon an unknown Foundation. 
The Sphere of humane Knowledge is bounded with. me 
in a narrow Compaſs; and he, that denies his Aſs tri 
ſent to every Thing but E. vidence, wavers in Doubt 7 
every Minute; and looks upon many T, Dings as un. WE 
known which the Generality of People never r/o much cal 
as call in Queſtion. But rightly to diſtinguiſh Things be 
known, from Things unknown, is a Perfection a= | ſu; 
bove the Level id human Mind. Though mauy 6. 

: Thi in 85 9 | 
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Things in Nature are hidden from us ; yet what is 
ſet down in Phyſics, as à Science, is undoubted. 
From a few general Principles numberleſs parti- 
* cular Phanomena or Effects are explained, 
and deduced by Mathematical Demonſtration, 
For, the comparing of Motion, or in other Words; 


of Quantities, is the continual Theme ; and'whoes- 
ver will go about that Work any other Way, than 


by Mathematical Demonſtrations, will be'ſure'to 
all into Uncertainties at leaſt, if not into Errors. 
How much ſoever then may be unknown in Na. 
tural Philoſophy, it ftill _— vaſt, certain 
and very uſeful Science. It corrects an infinite Num- 
ber of Prejudices concerning natural Things, and 
divine Wiſdom ; and, as we examine the Works 
of Go p continually,” ſets that Wiſdom before our 
Eyes; and there is 'a wide Difference," betwixt 
knowing the divine Power and Mi ſdom by a Meta. 
phyſical Argument, and bebolding them with our 
Eyes every Minute in their Effects. It appears 
then ſufficiently, what is the End of Phyſics, from 
what Laws of Nature the Phenomena are to be 
deduced, and wherefore, when we are once come to 
the general Laws, e cannot penetrate” any furs 
ther into the Knowledge of Cauſes. There remains 
only to diſcourſe of the Method of ſearching after 
thoſe Laws ; and to prove that the three Newtoni- 
an Laws delivered in the firſt Chapter of this Work 
ought to be folloꝛucl. 
The firſt is, That we ought not to admit any 
more Cauſes of Natural 'Things, than what are 
true, and ſufficient to explain their Phenomena, 
The firs Part of this Rule plainly follows from 
what has been ſaid above. The other cannot be 
called in Queſtion by any that owns the Wiſdom of . 
the Creator. If one Cauſe ſuffices, it is needleſs ta 
ſuperadd another; eſpecially, if -it be conſidered, 
that an Effect from a double Cauſe is never exatt- 


A4 
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ty the ſame with anEffett from a ſingle one. There- 
fore we are not to multiply Cauſes, till it appears 
ons ſingle Cauſe will not do the Buſineſs. 

In order to prove the following Rules, we muſs 
premiſe ſome general Reflections. * 

We have already ſaid, that Mathematical De- 
monſtrations bave no Standard to be judged by, but 
their Conformity with our Ideas ; and when the 
Queſtion ts about Natural Things, the firſt Re qui- 
(ite is, that our Ideas agree with thoſe Things, 
which cannot be proved by any Mathematical De- 


monſtration. Aud yet as we have Occaſion to rea- tei 
ſon of Things themſelves every Moment, and of | th 
thoſe Things nothing can be preſent to our Minds ca 
beſides our Ideas, upon which our Reaſonings im- lo. 
mediately turn; it follows, that Gop has efla= de 
bliſhed ſome Rules, by which we may judge of the 1 M 
Agreement of our Ideas with the Things themſelves, co. 
AY MathematicalReaſonings turn upon the Com- \ m 
pariſon of Quantities, and their Truth is evident \ 
3 by implying a Contradiction in a contrary Propoſi. lit 
_ tion, A rectilineal Triangle, for Inftance, whoſe pa 
= | Three Angles are not equal to two right ones, is a ꝓ Wm 


Thing impeſſible. When the Queſtion is not about in 
i! the Compariſon of Quantities, a contrary Propoſ 


—_— tion is not always impoſſible. It is certain, for In= 7 Iy 

# ſtance, that Peter is living, though it is as certain an 

that he might have died Tefterday. Now there be- ſee 

| ing numberleſs Cafes of that Kind, where one may ac, 
 affirmor deny with equal Certainty ; there follows, 

that there are many Reaſonings very certain, boo“ no 

altogether different from the Mathematical Ones. Pe 

1 And they evidently follow from the Eſtabliſhment Y} P. 

5 of T bings, and therefcre from the pre-determined be 

[{ Will fs o p. For by forcing Men upon the'Neceſ= ve 

2 ity of pronounting concerning the Truth or Falſ= be 

| | hood of a Propoſition ; he plainly ſhews they muſe th 

= * to. Agreements, ts their W we: i #0 
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ceſſarily acquieſce in; and whoever ręaſons other 
Wiſe, does not think worthily of Go p. 
To return to Phyſics; we are in this Science 


: to judge by our Senſes, of the Agreement that there 
is betwixt Things and our Ideas. The Extenſion 


and Solidity of Matter, for Inſtance, aſſerted upon 


that Ground, are paſt all Doubt. Here we examine 


the Thing in general, without taking notice of the 
Fallacy of our Senſes upon ſome Occaſions, and 
which Way Error is then to be avoided. 

Me cannot immediately judge of all Phyſical Mat. 
ters by our Senſes. We have then Recourſe to ano- 
ther juft Way of reaſoning, though not Mathemati- 
cal. It depends upon this Axiom; (vis.) We muſt 


look upon as true, whatever being denied would 


deſtroy civil Society, and deprive us of the 
Means of Living. From which Propoſition the ſe- 


| cond and third Rnles of the Newtonian Method 


moſt evidently follow. 
For who could live a Minute's Time in Tranquil- 


1 ity, if a Man was to doubt the Truth of what 


paſſes for certain, wherever Experiments have been 
made about it; and if he did not depend upon ſee- 
ing the like Effetts produced by the ſame Cauſe © 
The following Reaſonings, for Example, are dai- 
ly taken for granted as undoubtedly true, without 
any previous Examination ; becauſe every Body 


ſees that they cannot be called in Queſtion without 


deftroying the preſent OEconomy of Nature. 

A Building, this Day firm in all its Parts, will 
not of its ſelf run to Ruin to Morrow. Thus, by a 
Parity of Reaſon, the Coheſion and Gravity of the 
Parts of Bodies, which I never ſaw altered, nor 
beard of having been altered, without ſome inter- 
pening external Cauſe, will not be altered to Night, 
becauſe the Cauſe of Cobeſion and Gravity will be 
the ſame to Morrow as it is to Day. Who does 
not ſee, that the Certainty of this Reaſoning de- 

BB YT | pends 
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pends . upon the Truth of the fore- mentioned 


Principle? 


The Timber and Stones of any Country, which 3 
are fit for a Building, if brought over here, will 
ſerve in this Place, except what Changes may 
ariſe from an external Cauſe ; and I ſhall no more 
fear the Fall ofmy Building, than the Inhabitants 
of the Country, from whence thoſe Materials 
. were brought, wou'd do, if they had built a 
Houſe with them. Thus the Power which cauſes | 
the Coheſion of Parts, and that which gives Weight | 


to Bodies, are the ſame in all Countries. 
I have uſed ſuch. Kind of Food for ſo many 


Years, therefore 1 will uſe it again to Day with- | 


out Fear. 


When 1 ſee l I n it to be n N 


ſonous, tho I never made an Experiment of that 
very Hemlock 1 ſee before my Eyes. 

All theſe Reaſonings are grounded upon Analogy ; ; 
and there is no Doubt, but our Creator has in many 
Cafes left us noother Way of Reefering, andthere- 

fore it is a right Way. 

Which being once prov'd, we may afterwards 
make uſe of the ſame Method in other Matters, 
where no abſolute Neceſſity forces us to reaſon at all. 
N ben an Argument is good in one Caſe, there is 
120 Reaſon why de. could refuſe our Aſſent to it in 
another.. 
ved the ſame Way arenot equally certain © Beſides, 
tho we conclude in general, that this Method of 
Reaſoning is right from the Neceſſity of uſing it ; 
yet it does not follow that particular Reaſonings 
depend upon that Neceſſity. I conclude from Analo- 
gy, that Food is not poiſonous ; but is that Arg 
ment only good, when I am hungry 9 

In Phyſics then we are to diſcover the Laws of 
Nature bytbe Phenomena, then by Induction prove 
* tobe Seuera Laws; all the reſt is to be han- 

| ated 


For who can concerve, that Things pro- 
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{ 7 aled Mathematically. Whoever will ſeriouſly exa- 
mine, what Foundatiou this Method of Phyſics is 
3 built upon, will eaſily diſcover this to be the only 
true one, and that all Hypotheſes are to be laid as 
ide. | 5 


So much for the Method of philoſophiſing. I have 


; now a Word to ſay of the Work itſelf, of which 
this is the firſt Tome. 


The whole Work is divided into four Books. The 
firſt treats of Body in general, and the Motion of 


Solid Bodies. The Second of Fluids. What belongs 
to Light is handled in the Third. The Fourth ex- 
„ } plains the Motions of Celeſtial Bodies, and what 
Has a Relation to them upon Earth. The two 
7 firſt Books are contained in this Tome. 


In Order to render the Study of Natural Philo- 


ſophy as eaſy and agreeable as poſſible, J have 
7 thought fit to illuſtrate every Thing by Experiments, 
and to ſet the very Mathematical Concluſions be- 


fore the Reader's Eyes by this Method. 


He, that ſets forth the Elements of a Science, 
does not promiſe the learned World any Thing new 
3 zu the main. 
7 point out where what is here contained is to be found. 
] have made my Property of whatever ſerved my 
3 Purpoſe; and I thought giving Notice of it, once for 
all, was ſufficient to avoid the Suſpicion of Theft. 
] had rather loſe the Honour of a few Diſcoveries, 
2 diſperſed here and there in this Treatiſe, than rob 
1 any one of theirs. Let who Will then take to him- 
3 /elf what he thinks his own : I lay tlaim to no- 


Therefore I thought it needleſs, to 


thing. DEM 0, 
As to Machines which ſerve for making the 
Experiments, I bave taken care to imitate jeveral 
from other Authors, have altered and improved o- 
thers, and added many new ones of my own Inven- 
tion. And no Wonder I. ſhould be forced to that 
Neceſſity, having made Experiments upon many 


Things 
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Things never tried perbaps by any one before. For 1 
where Mathematical Demonſtrations will take ö 8 
Place : But as all Mathematical Demonſtrationuns 
are abftratted, I do not queſtion their becoming ea- 


Mathematicians think Experiments ſuperfluous, 


fer, when Experiments ſet forth theConcluſions be- 


fore our Eyes ; following therein the Example 
Philoſophy gave me Occaſion to think of the Method ( 
T1 have followed in this Work. I fhall always glory 
in treading in their Footſteps, who, with the Prince 
of Philoſophers for their Guide, have firſt opened 
the Way to the Diſcovery of Truth in Philoſophical © 


of the Engliſh, whoſe Way of teaching Natural 


Matters. 


As to the Machines, I will ſay thus much more 
By Way of Advertiſement, That moſt of them have 
been made by a very ingenious Artiſt of this Town, | 
and no unskilful Philoſopher, whoſe Name is John 
van Mufſchenbroek, and who has a perfect Knows. | 
Jedge of every Thing that is here explained. Which | 
Advertiſement, I ſuppoſe, will not be diſpleaſing | 
to thoſe who may have a Fancy to get ſome of thoſe | 


Machines made for themſelves. 
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CHAP. J. 


lo the Scope of Natural Philoſophy, and the 
Rules of E 


ATURAL PHILOSOPHY Sanne Ni 
Things, and their Phænomena. 


DEFINITION I, and II. 


N atural Things are all Bodies: And the Aſem- E 
blage or Syſtem of them all is called the Univerſe, 
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DEzrINTITION III. 


2 Natural Fhænomena are al Situations and al 


Motions of Natural Bodies, not immediately de- 


pending upon the Action of an intelligent Being; 3 


and which may be obſerved by our Senſes. 


We do not exclude, out of the Number of Natu- 
ral Phænomena, thoſe which happen in our Bodies 
by our Will; for they are produced by the Mo- 
tion of our Muſcles, and their Action depends 
upon another Motion: In theſe, there is only that 
Motion which ariſes from the immediate Action 
of the Mind, and is intirely unknown to us, which 


is not a Natural Phænomenon. 


All theſe Motions are performed by certain 1 


Rules, and always ſubject to the ſame Laws. 


The Sun riſes and ſets daily; and the Time of 
his Riſing and Setting may always be determined, 
according to the Time of the Year, and Latitude 
of the Place. Plants of the ſame Kind, under the 
ſame Circumſtances, are always produced and groß- 
in the ſame Manner: And ſo on in other Caſes. 
Nay, even in thoſe things which appear to be 
wholly fortuitous and uncertain, certain Rules are 


without doubt obſerved. 


Natural Philoſophy explains Natural Phæno- 
mena ; that is, gives an Account of their Cauſes. |; 
In enquiring after thoſe Cauſes, BODY in 
general is to be examined; and then the Rules 
which the Creator has eſtabliſhed, according to | 
which, Motions are to be perform'd. 'Theſe Rules 


are called Laws of Nature. 


DEFINITION IV. 


x A Law of Nature then is, the Rule and Law, | 


according to which God reſolved that certain Motions | 


Jocald always, that is, in all Caſes, be performed. 


; Every 


( 


Th 


pla 
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Every Law does immediately depend upon the 
= 1 Alſo in reſpect to us, we call a Law of Nature, 
every Effect which in all Occaſions is produced 
5 3 after the ſame Manner; although its Cauſe is un- 
# known to us, and we do not ſee that it flows from 
I- 7 any Law known to us. | 
9 1 For we make no Difference between a thing 
which immediately depends upon the Will of 
Is Cod, and what it produces by the Intermediation 
at of a Cauſe of which we have no Idea. 
n The Las of Nature are only deduced from an 
It Examination of Natural Phænomena. 
3 By Help of the Laws, thus diſcovered, other 
n 3} Phenomena muſt be explained. 

3 In order to find out the Laws of Nature, 
ff Sir 1/aac Newton's following Rules are to be ob- 
l, * ſerved. | FED 
le RULE I. 


4 | We are not to admit more Cauſes of Natural 
= Things than ſuch as are true, and ſufficient for ex- 
pPlaining their Phanomena. 

6 


wi Natural Effects of the ſame Kind have the ſame 
, 3 Canfes. | 


be increaſed and diminiſhed, and which belong to 
all Bodies upon which Experiments may be made, 
muſt be looked upon as Qualities of all Bodies. 


| \ 


8 
s [Such Qualities of Bodies, whoſe Virtue cannot 
0 
8 


2 


-S Mathematical Elements Book . 
CHAP. Il. 
Of BODY in General, | 
8 HAT we firſt conſider in Body is Ex- 


tenſion. 


ways obvious to our Mind; from whence it is 
very intelligible, tho* we want Words to deſcribe 
5 | 
Every Body has Extenfion ; without Extenſion 
there is no ſuch thing as Body. And yet all that 
has Extenſion is not always a Body, although it 
is impoſſible to determine, how Body differs from 
mere Space; till the other Properties of Body 
ſhall firſt be aſcertained. 
9 The Second Thing to be examined in Body is 
Solidity. Body, having no Power to remove itſelf, 
will conſequently exclude every other Body from 


What is meant by Extenſion, no Body is igno- 2 
rant of. Its Idea is moſt fimple, and almoſt al- 


the Place poſſeſſed by it; and the moſt fluid, as, | 


well as the hardeſt Bodies, have this Property. 
10 The Third Property of Body 
becauſe if a Body be extended, it is alſo diviſible; 


than another. From whence we ſee, that there 
are Parts in all Extenſions; which Parts in a Body 
may be ſeparated from each other; Becauſe, 
Body hath a Fourth Froperty, that is, that it 
may be carried from one Place to another; whence 
it is faid to be Moveable. "14 
All Obſtacles being removed, a Body yields 
to the leaſt Blow: Nevertheleſs there is a greater 
Force required to move a Body with a greater 
Celerity than with a leſs, as alſo to move a 
greater than a ſmaller Body, allowing their Ve- 
| lecity to be equal. There is alſo a greater Force 
| | required 


IT 


for you may always conceive one Extenſion leſs *' 


is Diviſibility ; | 
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required in the fame Caſe to ſtop the Velocity of 
different Bodies in Motion. Hence it is, that Bo- 
dies at Reſt, and Bodies in Motion, endeavour to 
Continue in their State. 


This ariſes from the Inactivity of Matter, (Iner- 


lia) which in all Bodies is ever proportionable to 
their Quantity of Matter, becauſe it equally be- 
2 longs to all the Particles of Matter. | 


All Bodies have ſome Figure; whence Figura- 


2 2z:1/ity (that is, to be of ſome Shape or Figure) is 
commonly eſteemed one of the eſſential Properties 
3 of Body, though it ſeems rather to be derived 
from other Froperties. 3 
If a Body be divided on every Side, and thoſe 
Parts removed; what remains in the Middle is 
terminated on every Part, and conſequently has 
2 a certain Figure. The ſame Body is capable of 
having different Figures; becauſe it may be divi- 


ded into Parts, and thoſe Parts placed in different 


Order in reſpect to each other. Neither does it 
imply a Contradiction to ſay, that a Body, that 
ſhould have no Figure, would be an infinite 
Body. | 


CHAP. III. 
OF Extenſion, Solidity, and Yacuity. | 


12 


ER E the ueſtion (fo often handled by 13 


the Learned) concerning a Vac#u:, is to be 


J confidered ; namely, Whether there be an Exten- 


ſion void of all Matter; for this Extenſion is cal- 


led a Vacuum, an Emptineſs or mere Space. 
That there is real a Vacuum, is proved from 


Phenomena : This Propoſition therefore ſhall be 


hereafter more fully treated of. 


The Poſfibility of a Vacuum appears from the 


bare Examination of Ideas. For whatever we 


Fconceive to be poſſible may exiſt. 


B 3 | The 
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The Queſtion therefore amounts to this, viz 

Whether we have an Idea of an Extenſion that is 
not ſolid ? 
We acquire an Idea of Solidity by the Touch: 
We feel that ſome Bodies reſiſt us; and indeed 
thoſe Bodies reſiſt us every Moment, that hinder 
us from deſcending to the loweſt Places: From 
which Reſiſtance it appears, that a Body excludes 
every other Body from the Place which itſelf 
takes up; that is, it appears that a Body is ſo- 
lid ; which Idea of Solidity we transfer to thoſe 
more ſubtile Bodies, which, by reaſon of the 
Smallneſs of their Parts, eſcape our Senſes ; and 
we find by Experience, that. even thoſe reſiſt 
other Bodies, as well as the hardeſt. | 


14 Experiment.) The Air, in which we live, does 


almoſt always eſcape our Sight and Touch; yet 


in a Syringe, that is cloſe ſhut at the End, it 


reſiſts the Piſton, ſo that it can be puſy'd to the 
Bottom of the Syringe by no Force. 


The Idea of Solidity is not indeed contained | 


in the Idea of Extenſion; that only follows from 


Contact, but this may be had without it; for if 4 


a Man had never touch'd a Body, he would have 


no Notjon of Solidity. 


Let any one obſerve an Image projected in the 


Air, or repreſented between a Concave Mirror 


and the Object; ſuch an Image does not reſiſt, 


and yet it ſeems to be a Body as denſe as the Ob- 
ject itſelf; for the Colours may appear more 
vivid in the Image than in the Object itſelf: If a 
Man had never ſeen any Thing elſe but ſuch Ima- 
ges, and his own Body was like ſuch an Image, | 
could he have any Idea of Solidity ? It does not 


appear that he could; and yet he would certainly 
have an Idea of Extenſioo. 5 


As 


7 


in 1 
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* 
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As we are here diſputing of Ideas, we ſhall nat 


F conſider what the above-mentioned Image is; it 
s enough that there is ſuch a Thing. 


All the Difference between Space and Body does 1 4 


not conſiſt in a Privation of Solidity. 


That Space is infinite, and can be contained by 


no Limits, is plain to any one that attentively 
conſiders it. 


We plainly ſee that Space has Parts, but they 


cannot be ſeparated from one another, being im- 
moveable as Space itſelf. 


The Idea of Space is very ſimple; that of Bo- 


dy is more complex, it may be moved, its Parts 


are ſeparated, and what is finite is eaſily con- 
ceived. 
Solidity is by ſome call'd Impenetrability ; and 16 


4 they endeavour to deduce it from the Nature of 
2 Extenſion: For Example, one cannot add one 
2 cubic Foot of Extenſion to another cubic Foot of 


Extenſion, without having two cubic Feet; for 


each of them has all that is required to conſtitute 


that Magnitude ; therefore one Part of Space ex- 


7 cludes all others, and cannot admit them. 


Anſwer. 'This is all true, becauſe the Parts of 


3 Space are immoveable; but it would be falſe, if 
it was not that it wauld imply a Contradiction, 
2} to ſuppoſe one Part of Space conveyed to another 
Place: And the Conſequence follows only from 


the Immobility, not from the Impenetrability 0! Or 
Solidity of the Parts of Space. 


GHR. A, It, 


Of the Divifibility of Body in infinitum; and 
of the Subtilty 7 the Particles of Matter. 


F | 'HE Extenſion of a Body implies its Divi- 15 
| A fability ; that is, one may conſider Parts 
in it, 


B 4 Yet 


Mathematical Elements Book l. I Bo 
Yet the Diviſibility of Body differs from the ſtr 


Diviſibility of Extenſion ; for its Parts may be ſta 
ſeparated from one another. But, as this Proper- 

ty depends upon Extenſion, it muſt be examined po 
under the Conſideration of Extenſion. And then int 
we may eaſily transfer to Body what is demon- on 
ſtrated. ſuc 


18 Body is diviſible 77 inſinitum; that is, you can= Þ ho 
not conceive any Part of its Extenſion ever ſo vid 
ſmall, but ſtill there may be a ſmaller. ma 

Let there be a Line AD perpendicular to BF, has 
(Plate I. Fig. 1.) and another as GH at a ſmall Y 
Diſtance from A, alſo perpendicular to the ſame 
Line, with the Centers C, C, C, Ec. and Di- 
ſtances C A, CA, Gc. deſcribe Circles cutting 
the Line GH in the Points e, e, Sc. The greater 
the Radius A C is, the leſs is the Parte &; the 
Radius may be augmented in inſinitum, and 
therefore the Part e G may be diminiſhed in the 
ſame Manner; and yet it can never be reduced to 
Nothing; becauſe the Circle can never coincide. 
with the Right Line BF. | 

Therefore the Parts of any Magnitude may be 
diminiſh'd 771 infinitum, and there is no End of 
ſuch a Diviſion. 

The ſame Thing may be proved by a great ma- 
ny other Mathematical Demonſtrations. - | 

19 The chief Objections are, — That an Infinite 
cannot be contained by a Finite ; — That it fol- 
lows from a Diviſibility 27 inſinitum, that all Bo- 
diesare equal, or, that one Infinite is greater than 
another. 

But theſe are eaſily anſwer'd ; for to an Infinite 
may be attributed the Properties of a finite and 
determined Quantity. Who has ever proved 
that there conld not be an infinite Number of 
Parts infinitely ſmall in a finite Quantity; or that 


all Infinites are equal? The contrary is demon- 
ſtrated 
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There are alſo other Objections propoſed, ſup- 


2 poſing that we affirm an actual Diviſion of a Body 
2 into an infinite Number of Parts ſeparated from 
one another. We neither defend nor conceive 
= ſuch a Diviſion: We have demonſtrated, that 


however ſmall a Body is, it may ſtill be farther di- 


{ vided; and, upon that Account, we believe that we 
may call that a Diviſion i 7nfinitum, becauſe what 
has no Limits is call'd hj,ôse. BW 
There are no ſuch Things as Parts infinitely 

2} ſmall; bur yet the Subtilty of the Particles of ſe- 


veral Bodies is ſuch, that they very much ſurpaſs 


our Conception; and there are innumerable In- 


ſtances in Nature of ſuch Parts that are actually 


ſeparated from one another. 
Mr. Boyle has proved it by ſeveral Arguments. 


He ſpeaks of a ſilken Thread 300 Yards long, 


that weighed but two Grains and a Half. 
He meaſured Leaf-Gold, and found by weigh- 


ing it, that 5o ſquare Inches weighed but one 


Grain : If the Length of an Inch be divided into 
200 Parts, the Eye may diſtinguiſh them all ; 
therefore there are in one ſquare Inch 40000 vi- 
ſible Parts; and in one Grain of Gold there are two 


3 Millions of ſuch Parts; which viſible Parts no 


one will deny to be farther diviſible. 


A whole Ounce of Silver may be gilt with 


eight Grains of Gold, which is afterwards drawn 


into a Wire thirteen thouſand Foot long. 
In odoriferons Bodies we can ſtill perceive a 


greater Subtilty of Parts, and which are ſepara- 


ted from one another ; ſeveral Bodies ſcarce loſe 


any ſenſible Part of their Weight in a long Time, 


and yet continually fill a very large Space with 
odoriferous Particles: Whoever will be at the 


Pains to make Calculations concerning thoſe ſub- 


tile 


Of Natural Philoſophy. 9 
Z ftrated by Mathematicians in innumerable In- 
* ſtances. | : 
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23 


4+ 


Mathematical Elements Book I. 


tile Efuvia, will find the Number of Parts to be 
amazing. | | | T 
25 By Helpof Microſcopes ſuchObjects, as would 
otherwiſe eſcape our Sight, appear very large : 
There are ſome ſmall Animals ſcarce viſible with 
the beſt Microſcopes ; and yet theſe have all the 
Parts neceflary for Life, Blood, and other Li- 
quoer How wonderful muſt the Subtilty of 
ole Particles be which make up ſuch Fluids ! 
We cannot end this Chapter more aptly than 
by the following Theorem, which is eaſily de- 
duced from what has been ſaid of the Subtilty of 
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26 Any Particle of Matter, how ſmall ſoever, s 
and any finite Space, how large ſoever, being gi" 
ven; it is poſſible that that ſmall Sand, or 
Particle of Matter, ſhall be diffuſed thro? all that 
great Space, and ſhall fill it in ſuch Manner that Zy 
there ſhall be no Pore in it, whoſe Diameter ſhall 7} 70 
exceed a given Line. | = 


CB AS: . P. 

— Concerning the Cobeſion of Parts, where we Pr 
ſhall treat of Hardneſs, Softnefs, Fluidity 1 

and Elaſticity. | | pe 


27 | LL Bodies, that are N by our Sen- ö th 

| ſes, conſiſt of very ſmall Parts, no one of 
which is indiviſible in itſelf; but all of them are p. 
in reſpe& to us: For all the Diviſion, we can } 


make, is only a Separation of Parts. | * 
When a great Force is required to make ſuch a 
Diviſion, a Body is ſaid to be Hard. ar 
If the Parts yield more eaſily, and fall in b 7, 
being preſs'd, ſuch a Body is ſaid to be Soff. 5 p. 
EI . | | ut = 
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7 Book I. Of Natural Philoſophy. 
Signification, determine nothing; fora Body that 
is Hard, in reſpect to one Man, ſeems Soft to ano- 


ther. 


FF 
But this great and lefler Force, in the common 


2 | 
DEFINITION I. 


A Body is ſaid to be Hard, in a Philoſophical 
Senſe, when its Parts mutually cohere, and donot at 28 
all yield inwards, ſo as not tobe ſubjett to any Moti- 


on in reſpect lo each otber,witbout breaking the Body. 
. 


DETINITION II. 

A Body is faid to be S, in a Philoſophical 
Senſe, when its Parts yield inwards, and flip in up- 29 
on one another, even tho” it may require a Blow 
with a Hammer to do it. 


DETINITION III. 


A Body whoſe Parts yield to any Impreſſion, and 39 
by yielding are eaſily moved, in reſpect to each o- 
ther, is calFd a Fluid. | 


All theſe Things depend upon the Coheſion of 
Parts; the cloſer a Body is, the nearer it ap- 
proaches to perfect Hardneſs. 

But the Hardneſs of the ſmalleſt Parts does not 
differ from their Solidity ; it is an eſſential Pro- 
perty of a Body, which is no more to be ex 
plained, than why a Body is extended, or a Mind 
thinks. „ | 

L do not know whether all Bodies conſiſt of 


Parts that are equal and alike : And there are alſo 


ſeveral Things very difficult, in Relation to the Cauſe 
of the Coheſion of the ſmall Parts of Bodies. 
The Laws of Nature, which are admitted here, 
are deduced from Phenomena. 
It is a particular Law of Coheſion, that all the 31 
Parts have an attractive Farce. | 
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DEFINITION IV 

By the Word Attraction 1 underſtand, any Force 
by which two Bodies tend towards each other; tho 
perhaps it may happen by Impulſe. 

But that Attraction is ſubject to theſe Laws; 
That it is very great, in the very Contact of the 
Parts; and that it ſuddenly decreaſes, iuſomuch 
that it act no more at the leaſt ſenſible Diſtance ; nay, 
at a greater Diſtance, it is changed into a repellent |, 
Force, by which the Particles fly from each other. mm 


By Help of this Law, ſeveral Phænomena are Ni 
very eaſily explained; and that Attraction and Re- the 
pulſion is fully proved by a vaſt. Number of chy= wit 
mical Experiments. That there is ſuch a Thing, — 

i A! 


appears alſo from the following Experiments. 


32 Experiment 1.] Wx ſec that in all Liquors all 
the Parts attract one another, from the Spherical 
Figure that the Drops always have; and alſo be- 
cauſe there is no Liquor whoſe Partsare not ſtick- 

ing to one another, which is evidently true even 
in Mercury itſelf. | TT 


23 Experiment 2.] Bur this mutual Attraction of ger 

Particles is much better proved; becauſe in al! 
Liquids, two Drops, as A and B (Plate I. Fig. 2.) 
as ſoon as they touch one another ever ſo little, 
they immediately run into one larger Drop, as 
F. All which Things, as they alſo happen in 
liquified Metals, it follows, that the Parts of which 
they are compounded do attract one another, even 
when they are disjoined by the Motion of the 

Fire. 

Theſe Appearances do not depend upon the Preſ- 
fure of the Air, becauſe they alſo happen where 

there is no Air; neither do they depend upon the 
Preſſure of any other Matter equally from all Sides; 
for though ſuch a Preſſure is able to keep the 
. | Drops 
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Drops to their Spherical Figure, it can by no 


means bring them to it at firſt. 


In the Oval Drop ac bd, (Plate I. Fig. 3.) the 


| Preſſures upon the Surfaces a4 and c6 are leſs 
than the Preſſures upon the Surfaces ac, 45; for 


the Drop is ſuppos'd to be preſs'd equally from 
all Parts, therefore the Preſſure is leſs in a leſs 
Space: Yet the Drop can never become round, 
till thoſe leſſer Preſſures overcome the greater, 
which is abſurd. - 

On the contrary, in Attraction, the greater the 
Number is of the Particles which attract one ano- 


13 


34 


ther between two Particles, the greater is the Force 


with which they are carried towards one another ; 
which produces a Motion in the Drop, till the Di- 
ſtances between the oppoſite Points in the Surface 


become every where equal ; which can only hap- 
pen in a Spherical Figure. 


Several Bodies act upon other extraneous Bodies 


by this Attraction. I ſhall give a few Examples, 
in which the Effects of it are moſt remarkable. 


Experiment z.] Immerge in Water the Ends of 35 
2 ſmall Glaſs Tubes open at both Ends, in the Man- 

ner repreſented in Plate I. Fig. 4. The Water 
2 will ſpontaneouſly aſcend in them, and ſo much 
the higher as the Diameter is leſs. It is not re- 


quired that the Tubes be extremely ſmall ; for 


the Experiments will ſucceed in Tubes whoſe Bore 
js the ſixth Part of an Inch. That this is not to 


be attributed to the Preſſure of the Air, appears 
from the following Experiment. 


Experiment 4.) Having fixed the ſmall Tubes A 
to a Piece of Cork, and {uſpended them with the 


} { Braſs Wire AB, (Plate I. Fig. 5.) pump out the Air 
from the Recipient R, which ſtands upon the Braſs 


Plate of the Air-Pump ; then by moving the M ire 
| AB, 


36 
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AB, the Tubes may be immerſed in the Watef 
which is contained in the Glaſs C D, and the Wa- P 
ter in this Caſe will riſe up into the Tube juſt as at 
it did in the foregoing Experiment. How the pe 
a Wire may be moved, without letting the Air into E 
go | the Recipient, will be explained hereafter. 10 


37 Experiment 5] AB CD are two Glaſs Plates, or be 
Planes, (Plate I. Fig. 6.) touching one another at T 
A B, but a little ſeparated at C D, by thruſting A 
a thin Plate of any Kind between them; they are ne 
ſuſtained by the wooden Frame HIL M, in ſuch de 
Manner, that the Side DC is always at the ſame dit 
Height; the Planes may be brought to make any 7} Ci 
Angle with the Horizon, by raiſing the End AB 
where they are joined, the Cylinder NO likewiſe » 
ſuſtaining the Plane in any Poſition. The Screw an 
P makes faſt the Cylinder at any Height. cle 

A Drop of Water or Oil, &, is put between the * 
Planes, ſo as to touch both the Planes, which an 
mult before-hand be made by with the ſame Li- cti 
quor ; this Drop is attracted by both Planes, but alf 
the Attraction has a greater Effect upon the Drop, 
where their Diſtance is the leſs; that is, a greater 
ate than at 7, therefore the Drop is moved towards tha 
e ; that is, aſcends, and moves upwards the faſter, Pie 
in Proportion as it is higher, the Surfaces in which Fly 

the Drop touches the Glaſſes growing very much, it, 
where the Diſtance between the Planes is diminiſh. An 
ed. The Angle of Inclination of the Planes may |} obt 
be ſo increaſed, that the Gravity of the Drop ſhall # the 
balance the Attraction, and then the Drop is at not 
reſt; and in that Caſe, if you raiſe the End AB the 
of the Planes ſtill higher, the Drop will deſcend wit! 
by its Gravity, which will then overcome the At- fill 
traction. UE 2 


Experi- f ligh 


of Natural Philoſophy. 
Experiment 6.] Let two Glaſs Planes, A B C D, 


Plate 1. Fig. J.) touch one another at AB, and 
at CD let them bea little ſeparated by the Inter- 
2 poſition of ſome thin Plate,, and then let their 
Ends be immers'd into Water tinged ith {ome Co- 
lourz in ſuch Manner, that the Sides A B and CD 
ma be in a vertical Poſition, the Planes having 
been moiſtened with the ſame Liquor before-hand. 
The Water will riſe between thoſe Planes by their 


ng Attraction, and riſe higheſt where the Planes are 


2 neareſt together; and as their Diſtance continually 

2 decreaſes from CD to AB, the Water riſes up to 
different Heights in every Place, and makes the 
Curve Line eg. | 


15 
38 


Experiment 5. Quickſilver unites itſelf to Tin 39 


1 and Gold; alſo Water and Oil ſtick to Wood and 
clean Glaſs. 


We have Inſtances of Repulſion between Water 40 


and Oil, and generally between Water and all un- 
ctuous Bodies; between Mercury and Iron:; as 
2 alſo between the Particles of any Duſt. 


Experiment 8.] If any greaſed Body, lighter 4x 


| than Water, is laid upon the Surface of Water, or 
Piece of Iron upon Mercury, the Surface of the 
Fluid will be depreſſed about the Bodies laid upon 


h. it, as it appears about the Ball A (Plate I. Fig. 8.) 


And after the ſame Manner, where the Attraction 
+ obtains, the Surface of the Liquor is higher about 
the floating Bodies, as about the Ball B, and does 
not run to a Level by its Gravity; ſo here where 


the repellent Force exerts its Action, Liquors, not- 
withſtanding their Gravity, do not run down to 


fill up the Cavities which are made round the 


| 3 floating Bodies. 
3 Upon this depend all the Phenomena of very 42 


| light Glaſs Bubbles (P/are I. Fig. S.) which ſwim 


upon 


<< 
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upon Water; when they are clean, the Water riſes 


about them all round, as at B; but, when they 
are made greaſy, the Water makes an Hollow all t 
round them, as at A; in the Glaſs Veſſel where g 
the Experiments are made, the Water alſo ſtands 
higher all round next to the Glaſs, as at C and D; v 
but when the Glaſs is ſo fill'd that the Water runs W F 
down from all Parts, then, by the mutual Attracti- p 
on of the Parts of the Water, it ſtands higher in fr 
the Middle than at the Sides, and forms the con- g 
vex Surface ABC: (Plate I. Fig. 9.) From theſe 
Principles only can the following Experiments be 
explain d. | J w 
| 3 3 ſn 
Experiment 9, 10, 11, 12 and 13.] When a Glaſs fo 
is not quite full of Water, a clean Glaſs Bubble & 
always runs to the Side, and there ſticks, provi- 
ded it be not laid on too far from it. The Bubble IF Fj 
is preſs'd every Way by the Water, when it comes of 
to the Side of the Veſſel ; the ſame Force, by which ſai 
the Water is raiſed there, does in part take off we 
that Preſſure; ſo the Preſſure on the other Side D. 
overcomes, and the Bubble is moved towards the on 
Side of the Glaſs. 4 
When the Glaſs is ſo full as to be ready to run 7 
cover, the Bubble goes of itſelf from the Side to t 
the Middle of the Glaſs, for the fame Reaſon ; fro 
becauſe the Force, by which the Water is raiſed in ¶ be 
the Middle, does alſo diminifh the Preſſure upon De 
the Bubble towards the Middle. tro 


Juſt the Reverſe happens when the Bubble is 
greaſy, becauſe that Force, by which the Water 
and the Bubble repel one another, is greateſt where 
the Water is higheſt. 1 

Two clean Bubbles, or two greaſy ones, run to- 
wards each other. As to clean Bubbles, we 
have juſt given the Reaſon; when they are made 
greaſy, there is a Cavity round each of 

7 an 
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it bas been alter d by any Force, is eaſily deduced 
From what has been ſaid: For if a compact Body 
be dented in without the Parts falling into that 
Dent, the Body will return to its former Figure, 
from the mutual Attraction of its Parts. 


33 
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and where the Cavities join, the Preſſure is dimi- 


niſh'd, and the Bubbles run that Way. 
If one Bubble be clean, and the other greaſy, 


they fly from one another, for the Reaſons before 


given. | | 
: The Particles of any Salts attract one another 43 
with a very great Force, as appears by ſeveral 
Experiments: The following will be ſufficient to 


prove, that that Attraction exerts it ſelf at a very 


ſmall Diſtance, and the repellent Force at a 
greater. 


Experiment 14.] Diſſolve Salt in Water, and, 
when that Water is reduced into Vapour, the 
ſmall ſaline Particles will unite together and 
form greater Lumps; which proves the Attra- 
ction | N 

Theſe Particles are al equal, and of the ſame 


Figure: Whence it follows, that the leaſt Parts, 
of which they are form d, had every where the 


ſame Situation in reſpect to each other; that is, 
were every where diffuſed in the Water at equal 
Diſtances; which cannot be, unleſs they all repel 
one another with equal Forces. | 

The Elaſticity of Bodies, namely, that Property 44 
whereby they return to their former Figure, when 


We fhall alſo in its proper Place ſhew, that 45 


| that Property of the Air, which is call'd its Ela- 


pel one another. | | ” 
And leſt any one ſhould imagine, becauſe we 46 


ſticity, ariſes from the Force whereby its Parts re- 


don't give the Cauſe of the ſaid Attraction and 


Repul- 
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Repulſion, that they muſt be look'd upon as oc- 
cult Qualities : We ſay here with Sir 1/aac News- 
ton, That we conſider thoſe Principles not as 


K AG AA A A A 4A 6A AR 
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occult Qualities, which are ſuppoſed to ariſe 
from the ſpecifick Forms of 'Things ; but as u- 
niverſal Laws of Nature, by which the Things 
themſelves are form'd: For the Fhænomena of 
Nature ſhew that there are really ſuchPrinciples, 
tho' it has not been yet explain'd what their 
Cauſes are. To affirm that the ſeveral Species of 
Things have occult ſpecifick Qualities, by which 


they act with a certain Force, is juſt ſaying no- 


thing. But from two or three Phænomena of 


Nature to deduce general Principles of Motion, 


and then explain in what Manner the Properties 
and Actions of all 'Things follow from thoſe 
Principles, would be a great Progreſs made in 


Philoſophy, tho' the Cauſes of thoſe Principles 


ſhould not yet be known. 
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PART I. 
Of the Motion of Solid Bodies. 


CHAPIV. 


{ Of Motion in general; where we Shall 


ſpeak of Place and Time. 


2 = H E Subject we are now entring upon has a 
large Scope in Phyſics: All that happens 


in natural Bodies belongs to Motion, and even 


what has been ſaid of the Coheſion of Parts, has 
a Relation to it : For though the Parts are not 


moved in their Coheſion itſelf, yet that Coheſion 


¶ cannot be explain d, nor can what is ſaid about 
it be confirm'd by Experiments, without Motion. 


Motion #s a Translation from one Place to ano- 


nber Place, or a continual Change of Place, Eve- 
ry Body has an Idea of it; and Philoſophers have 
in vain laboured to find a Definition of the ſimple 
Idea, and proved with a great deal of Pains, that 
one may come to be ignorant of a Thing, which 
E otherwiſe every Body knows. 


Place 7s the Space taken up by a Body; of which 


may be ſaid, what has juſt been ſaid concerning 
Aoti on. 


. 


It is 'Twofold ; True or Abſolute, and Relative. 


| DERTINITION I. 
True Place is that Part of immoveable Space, 


47 
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: equally. 
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53 


54 


only Time that our Senſes perceive. 


it is very likely that there is no Motion of Bodies 


Time differs from true Time, which never flows 
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DEFINITION II. 


Relative Place, which only can be diſtinguiſh's | 
by our Senſes, isthe Situation of a Body in reſpeſt 


of other Bodies. 1 
True Place is often changed, whilſt relative 2 
Place is not, and ſo reciprocally. 74 


Whence ariſes a True and Abſolute Motion, and 
another Sort call'd a Relative Motion. 5 
Whilſt a Body moves, Time goes on. 
Time alſo is Twofold; True or Abſolute, and 
Relative. - 
True 'Time has no Relation to the Motion of 
Bodies, nor to the Succeſſion of Ideas in an Intel- 
ligent Being, but by its Nature it always flows 


DETINTTION III. 
Relative Time is Part of the true Time meas 
fared by the Motion of Bodiss; and this is the 


All Motion may become ſwifter, as likewiſe a 4 
Body may move flower than it did before; and 


wholly equable ; whence it follows, that relatives 
faſter nor ſlower. 

| DerrintTion IV. 1 
Tat Aﬀettion of Motion, by which a Body runs 
thro a certain Space in a certain Time, is call d | 
Celerity or Velocity; which is greater or leſs, ac- | 


cording to the Bigneſs of that Space, to which it | 
33 always proportionable. 8 . 


D riINITIOoN V. Br 
The greater Force is impreſs'd upon a Body 
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j Motion; and that Force is called the Quantity, 
or Momentum, of Motion. 


| D uxriniTtion VI. 
The Direction of Motion 7s in a Right Line, 


which we ſuppoſe drawn towards the Place where | 


the moving Body tends. 


DEFINITION VII. 


A Power is any Force acting upon a Body to 
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DEFINITION VIII. 


The Greatneſs of that Force is call'd, the In- 
tenſity of the Power. | I 


CHAP. VII. 
Of Motions compared together. 
AXIOMS. 
I 


the Motion. 5 
| II. | | 
The whole Effetts of Motions, produced at the 


ſame Time, have the ſame Relation toeach other, 


as the Momenta of thoſe Motions. 
If two equal Motions act ina contrary Directi- 
on, they deftroy each other; and the one can never 
overcome the other. 5 | | 
Bodies in Motion may differ in two Reſpects, 
either in Reſpect to the Quantity of Matter in 
each, or in Reſpe& of the Space gone thro in 
che ſame Time, that is, in Reſpect of the Velo- 
yl fy “ and there is no other Difference : Theſe 


H E Quantity, or Momentum, of Motion 
follows the Proportion of the Gauſe producing 


21 


53 


ST 


39 


ww 


$3, 


1 
j 


22 Mathematical Elements, Book 1. 


Two Things therefore, and only theſe two, are 
to be conſidered in comparing of Motions. | 
Whenthe Velocities are equal, nothing is to be 
conſidered but the Quantities of Matter; and if 
it be double in one Body, the Quantity of Moti- 
on in that Body will alſo be double ; becauſe ſuch 
a Body is made up of two Bodies, each equal to 
the leaſt Body, and moved with the ſame Cele- 


rity as the little one. The ſame may be ſaid of gr 

all other Relations between two Bodies; whence 4 
we deduce this general Rule: ve 
62 In ene Bodies that move with the ſame Veloci. 0 
ty, the Quantity of Motion is as the * of ar. 
Matter in each. j | 
When the Quantities of Matter are equal, leſ 
the Velocities only are to be conſidered: And is 
then an 
63 In equal Bodies, the Moments are as the Velo= Pr 
„s ties: That is, as the Spaces gone thro in the MY cit 
53 ſame Time *. For the going thro' thoſe Spaces in 
are the whole Effects of the Motions produced in as 


that 'Time, and are to one another as thoſe Spa- 4 
ces; therefore the Momenta alſo are in the ſame FF 7 
59 Proportion. * 
In Order to determine the Relation between 
64 two Motions, when the Velocities are unequal, and 
the Bodies different in Quantity of Matter; you * 4 
. muſs find two Quantities that are to one another ass 

the Maſſes and as the Velocities. Multiplying the | 
' Pelocities of each Body by its Maſs or Quantity of | 2 
Matter, the Products will be to each ber : in ee M 
aid Proportion. 5 ſar 
When, for Example, the Velocity is double, : 
and the Maſs triple, a double Quantity of Mo- WU M 


tion mult be tripled ; therefore it will be ſextu- Ca 

ple: This is the Caſe when in one Body the Ve- ſhe 

locity is two, and four in another; and the MW th 

Mas 1 the firſt wm the Maſs of che other be- 
ing 
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e | ing Fifteen ; multiplying each Maſs by its Velo- 
N city, the Products are 10 and 60, the laſt of 


e which is ſix 'Times the firſt. = 
f This is called a Ratio, compounded of the Ra- 
- tio of the Maſſes and the Celerities. 

„ A greater Body may move more ſlowly than 
0 a leſs, in ſuch a Manner, that the leſſer Body may 
* have an equal Quantity of Motion with, or a 
f reater than the other. 


When the Velocity in the leſſer Body is to the 65 
Velocity in the greater, as the Maſs of the greater 
to the Majs of the leſſer ; the Quantities of Motion 
ave equal in the two Bodies. 

As much as the Quantity of Motion in the. 
leſſer Body is leſs, in Reſpect of its Maſs, ſo much 
is it greater, in Reſpect of the Velocity: Whence 
an Equality ariſes. Likewiſe in that Caſe, the 
Products of the Maſs of each Body by its Velo- 
city are equal; and the Celerities are ſaid to be 
in an inverſe Ratio of the Maſles, or reciprocally 
as the Maſſes. | 

Agen ſuch Momenta of Motion act contrari- 66' 
w/e, they deſtroy each other, * " 


CHAP. VIII. 


How to compare the Actions of Powers. 
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HE Actions of Powers, acting upon Bodies, 
| may be compared together, in the ſame 
Manner as the Quantities of Motion ; and the 
ſame Rules ſerve tor both. 
We ſhall hereafter ſhew, that a Body once in 
Motion will continue in that Motion, tho' the 
Cauſe, that firſt gave it, ceaſeth : So that if a Body 
ſould be continually acted upon by any Power, 
the Motion would become ſwifter every Moment. 
ant 38 . 
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We do not here conſider ſuch an Action of 


Powers; ; but we take notice only of Powers that 
act againſt an Obſtacle, in ſuch Manner that, by 
the Reſiſtance of the Obſtacle the Action of the 
Power is continually deſtroyed, which is to be 
obſerved ; for, in another Caſe, the following De- 
monſtrations do not obtain. When therefore we 
ſpeak here of an Obſtacle to be removed by any 
Power, we ſpeak of the greateſt Obſtacle that can 
be moved by that Power ; for otherwiſe the Ob- 
ſtacle would not deſtroy the whole Action of the 
Power. 

The Actions of Powers may differ from one 
another, both in Reſpect of the Greatneſs of the 
3 and in Reſpect of the Spaces run thro* 

by the Obſtacles ; (that is, by the Points to 
which the Powers are applied :) Theſe two 
Things alone are to be conſider di in comparing of 
Powers. 

The Obſtacles, which may be removed by 
Powers, are to one another as the Intenſities of 
the Powers. * 

From whence it follows, that the Ackians of 


Powers, equal in their Intenſi ties, are to one another | 


as the Spaces run thro, For they only differ in 
that Reſpect, becauſe the Obſtacles are equal. 

When the Spaces run thro are equal, thoſe Acti- 
ons are as the Tntenſities. 


When both the Spaces run thro', and the Inten- | 
ſities, are different, the Actious of the Powers are 


to one another, in a Ratio compounded of be Inten- 
ſities and the Spaces gone thro: 

When the Spaces gone thro' are in an inverſe 
Ratio of the Intenſities, the Actions are equal. 


DETINITION. 
We call the whole Force of Power its Ackion, 


in Reſpe ct to Time ; and therefore the whole Forces [45 


STS" 


WW ook J. of Natural Philoſophy. 

f Powers are to one another, as the Actions pro- 
Kduced in the ſame Time. 

3 Theſe Things may be demonſtrated in the ſame 
Manner, as what has been ſaid in the foregoing 
Chapter. | 


LEH 1 


C H AP. If 
General Things concerning Gravity. 


PHENOMENON J. 


LI Bodies near the Earth, if hinder'd by 
uo Obſtacle, are carried towards the Earth. 


* 
= DEFINITION I. 5 
3 The Force, by which Bodies are carried toward* 
be Earth, is called Gravity. 

: 


D ETINITION II. 
That Force, in Reſpect to a Body acted upon by 


it, is calf d the Weight of a Body. 
| PHENOMENON II. 


The Force of Gravity acts equally, and every 
Moment of Time, near the Earth's Surface. 


3 There is indeed a ſmall Difference of Gravity 
Fin different Countries, which we ſhall take No- 
Itice of hereafter ; but it is too ſmall to be conſider- 

ed here, eſpecially becauſe it is wholly inſenſible 

In neighbouring Countries. + 

When the Deſcent of a Body is hinder'd by an 
PObſtacle, it continually preſſes that Obſtacle e- 
qually, tending towards the Earth's Center; there- 

ore it may be look'd upon as a Power acting up- 
on an Obſtacle; and therefore what has in the 


Powers, does obtain here alſo, 


PHENO- 


oregoing Chapter been demonſtrated, concerning 
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PHENOMENON III. 

77 Bodies which deſcend by the Force of Gravity, | 

(if all Refiſtance be taken off) fall with the ſame 
Velocity. Which is prov'd by an 


Experiment.] Pump out the Air from the tall | 
Recipient AB (Plate II. Fig. 1.) which is made | 
up of two Glaſſes, and is about three Foot high: 
Then from the Top of the Glaſs within, by mo- 
ving the Handle CD, let fall a Piece of Gold and 
a very light Feather juſt at the ſame Time, and 
they will always come down to the Braſs Plate of M2: 
the Pump upon which the Receiver ſtands, at 1 
the ſame Inſtant of Time. equa 

58 For making the Experiment readily, the Top Happe 
of the Recipient is cover'd with a Braſs Plate Mat 
laid upon it. A thin Plate, bent into the Figure is, i! 
E, is fixed to the covering Plate at e, by Help of M 
two Screws , that go thro' two leſſer Plates, Inte 
one of which you ſee at gf, and are joined to the ¶ Qua 
other Plate E. Dire 

The Ends of the Plate ſpring together, and ſo the! 
hold the Feather and the Gold, whilſt the Receiv- 
er is exhauſting. : 

A Braſs Wire runs thro” the Cover, which, by 
Means of the Handle CD, may be turned round 
without admitting the external Air; which we 
ſhall explain, when we come to ſpeak of the Air- 
„ | 

The Wire goes thro' an Hole in the upper Part 
of the Plate e, and the End of the Wire, which 
comes down between the ſpringing Plate, may be 
ſeen at L: It is ſquare and hollow, that the O- 


val Flate I may be joined to it, | 
You muſt obſerve, that the ſmall Diameter of Mchan; 

the Oval be ſmall enough for this little Plate ro for ir 

be. contained between the Springs E, when their Ar 


Ends come together. 
1 Now 
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Now when the Braſs Wire, and by it the 


late I: is turned round; by Reaſon of the Dif- 


ference of Diameters in the Oval, the Ends of the 
Springs open; and then the Bodies, that are ſuſ- 
pended, are let go at the ſame Moment of 


Time.“ 6 


The ſame Phænomenon is alſo deduced from 


another Experiment, which we ſhall mention 
Whereafter. * 33 ad aps 
Hence it follows, that Gravity in all Bodies, 79 
Wthat is, their Weight, 7s proportionable to their . 
Dantity of Matter.“ . 


Therefore all Bodies conſiſt of Matter that is 
equally heavy; and the Reaſon, that Bod ies do not 
appear equally heavy, is becauſe ſome have more 


Matter than others under the ſame Bulk; that 


is, in the ſame Space. 

When Weight is conſidered as a Power, the 
Int enſity of the Power is proportional to the 
Quantity of Matter in the heavy Body; and the 


Direction of the Power is towards the Center of 


the Earth. c 
CHAT *% 


Of the feugle Pulley, Balance, and of the 
; Center of Gravity. 


DEFINITION I. 


A its Axis, overwhich goes a drawing or run- 


ning Rope, d ce (Plate IJ. Fig. 10.) 


By this Engine, the Direction of the Power is 


changed, neither is it of any other Uſe when fix d; 
for in that Caſe, if the Force of Power apply d to the gz 
drawing Rope, as M, le equal to the Ohſtacle P, it ha. 
lances that Obſtacle , for iu that Caſe the Power can't *;1. 


NOD 


*160 


39 


81 


Sin gle Pulley is alittle Wheel moveable about 82 


28 


* 
79 


84 


87 


86 
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move, unleſs the Obſtacle does at the ſame Time ge 
through an equal Space. 1 

Weights are found, that is, the Quantities o 
Matter in Bodies are compared together *, by a 
Balance, or a Pair of Scales, which is a well 
known Inſtrument. 


DEFINITION II. 


The Axis of a Balance 7s that Line about which 
the Balance moves, or rather turns round. 


DEFINITION III. 


When we conſider the Length of the Brachia, 
or of the Beam, then the Axis is to be looked 
upon as a Point, and called The Center of the Ba- 
lance. 


DEFINITION IV. 


We call Points of Suſpenſion, or Application, 
thoſe Points where the Weights really are, or from 
which they hang freely ; or the Scales in which the 
Weights are placed. 


Concerning this Machine, we are to ob- 
ſerve, 4 

That the Weight does equally preſs the Point of 
Suſpenſion, at whatever Height it hangs from it, 
and in the ſame Manner as if it was fixed at that 
very Point. : | 

For theWeight, at all Heights, equally ſtretch- 


574.5 es the Rope by which it hangs. “ This is alſo 


tion ef the Balance is not changed by it. 


proved by 


Experiment 1.] In the Balance A B, the Weight 
P, by Means of the Rope BD (Plate II. Fig. a.) 
is ſuſpended at different Heights: And the Poſi- 
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e Action of a Weight to move a Balance is by 88 
o much greater, as the Point preſſed by the Weight 


is more diftant from the Center of the Balance ; 


and that Action follows the Proportion of the Di- 


IZ ſtance of the [aid Point from that Center. 


12 ſtrongly as three at the fourth, Gc. why 


When the Balance moves about its Center, 
the Point Bdeſcribes the Arc Bb Plate II. Fig. 3.) 
whilſt the Point A deſcribes the Arc A a, which 
is the biggeſt of the two; therefore, in that Mo- 
tion of the Balance, the Action of theſame Weight 
is different, according to the Point to which it is 
applied, and it follows the Proportion of the 
Space“ gone through by that Point: At A there-*67,75 
fore it is as A a, and at B as By; but thoſe Arcs 
are to one another, as CA, to CB: 


Experiment 2.] The Brachia of the Balance AB 
(Plate II. Fig. 4.) are divided into equal Parts; 
and one Ounce, applied to the ninth Diviſion from 
the Center, is as powerful as three Ounces at the 
third; and two Ounces at the ſixth Diviſion act 


The Conſtruction ' of a Balance, for this and 
ſome other following Experiments, is plain 
enough from the Figure, adding to it what is 
ſaid at Numb. 102. Hence it follows, that the 
Action of a Power to move a Balance is in a 
Ratio compounded of the Power it ſelf, and its 
Diſtance from the Center“, for that Diſtance is 69 
as the Space gone through in the Motion of the 
Balance: 


DEFINITION V. 
A Balance is [aid to be in Fquilibrio, when the 89 
Actions of the Weights upon each Brachium, to move 
the Balance, are equal; ſo that they mutually de- 


firoy each other ; as appears by the foregoing Ex- 
periment. 


DE FI 
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DEFINITION VI. 


When a Balance is in Zquilibrio, the Weights 


on each Side are ſaid to gui pod rate. 
go Unequal Weights can aquiponderate. For this, 


it is requiſite, that the Diſtances from the Center | 


0, o he reciprocally as the Weights.* In that Caſe, if 


each Weight be multiplied by its Diſtance, the | 


Products will be equal. 


yg 


Experiment 3.]Intheabove-mentioned Balance | 


(Plate II. Fig. 4.) one Ounce at the Diſtance of 
the ninth Diviſion from the Center, æquiponde- 
rates with three Ounces at the third Diviſion. 
91 The Steel-yard, or Statera Romana, which 
weighs every Thing with one Weight, is made 
upon this Principle. | | 


Experiment 4.] The Steel - yard AB (Plate II: 


Fig. 5.) has two Brachia very unequal ; a Scale | 


hangs at the ſhorteſt ; the longeſt is divided into 
qual Parts: Apply ſucha Weight to it, that, 


at the firſt Diviſion, it ſhall æquiponderate with | 


one Ounce laid in the Scale; then the Body to 
be weighed is put into the Scale, and the above- 
mentioned Weight is to be moved along the 
longeſt Brachium, till you find the Æquilibrium; 
the Number of Diviſions, between the Body and 
the Center, ſhew the Number of Ounces that the 
Body weighs, and the Subdiviſions the Parts of 
an Ounce. | 5 
92 Upon this Principle alſo is founded the de- 
ceitful Balance, which cheats by the Inequality of 
tlie Brachia. ke 


Experiment 5.] Take two Scales of unequal 
Weights, in the Proportion of 9 to 10 (Plate III. 
Hg. 1.) and hang one of them at the tenth 

. Diviſion 
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other 
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Diviſion of the Balance above deſcribed, and the 
other at the ninth Diviſion, ſo that there may be 


Jan Zquilibrium : If then you take any Weights, 


which are to one another as 9 to 1o, and put the 
firſt in the firſt Scale, and the other in the other 
Scale, they will æquiponderate. | 

Several Weights, hanging at ſeveral Diſtances on 
one Side, may aequiponderate with a ſingle Weight on 


93 


the other Side. To do this, it is required, that the 


Product of that Weight, by its Diſtance from the 
Center, be equal to the Sum of the Products of 
all the other Weights, each being multiplied by 
its Diſtance from the Center. $34 


Experiment 6.] Hang three Weights of an 
Ounce each, at the ſecond, third and fifth Divi- 


ſions from the Center, and they will æquiponde- 


| rate with the Weight of one ſingle Ounce ap- 


plied at the tenth Diviſion of the other Brachium 
(Plate II. Fig. 6.) And the Weight of one Ounce 
at the ſixth Diviſion, and another of three Ounces 
at the fourth Diviſion, will xquiponderate with a 
Weight of two Ounces on the other Side at the 
ninth Diviſion. | 

Several Weights, unequal in Number, on either 
Side, may æquiponderate. In that Caſe, if each of 
them be multiplied by its Diſtance from the Cen- 
ter, the Sums of the Products on either Side will 
be equal; and if thoſe Sums are equal, there will 
be an Zquilibrium. 


| Experiment .] Hang on a Weight of two 


| Ounces (Plate II. Fig. 1.) at the fifth Diviſion, 


and two others, each of one Ounce, atthe ſecond 
and ſeventh ; and on the other Side hang two 
Weights, each alſo of one Ounce, at the ninth 
and tenth Diviſions ; and theſe Two will æqui- 
ponderate with thoſe 'Three. 


DEFT1- 
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DrrrNITION VII. 


The Center of Gravity is a Point in a Body 
about which all the Parts of the Body (hate ve 


_ Poſition it is in) are in #quilibrio. 


When two or more Bodies are joined, whethe 
they are contiguous or ſeparated, they have 


common Center of Gravity. 
When the Center of Gravity is ſuſtained, thi 


_ remains at reſt. 


99 


Experiment 8.] The Bod y A (Plate III. Eig. 2. 
iS ſuſtained and at reſt, * its Center o 


Gravity is ſuſtained by 'the Prop FP. 


When the Center of Gravity is not ſuſtained 
the Body moves till that Center comes to be 


ſuſtained. 


Experiment 9.] The Body A, laid upon the 
Table, will fall, and the Body B will not remai 
in its Poſition, 'becauſe their Centers of Gravity 
are not ſuſtained. 

Hence may be known, why ſome Bodies, laid 
upon inclined Planes, will toll off, whilſt ſome 
only ſlide off. 

Experiment 10.] The Body A ſlides, becauſe 
its Center of Gravity is ſuſtained by an inclined 
Plane; (Plate III. Fig. 4.) that is, the Vertical 
Line, "which goes N that Center, c cuts 
the inclined Plane within the Body. But the 
Body B rolls, becauſe the Vertical Line, thro' its 
Center of Gravity, cuts the inclined Plane without 


the Body. 


100 From what has been ſaid it follows alſo, that 


a Body deſcends, when its Center of Gravity 
deſcends, that is, is moved towards the Center 


of the Earth. 
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Sometimes in that Caſe a Body ſeems to aſcend, 
and. oftentimes it does really aſcend; but as all 
Bodies deſcend by Gravity, that is, their Centers 
of Gravity deſcend ; it follows, that a Body 
ſeems to aſcend by its Gravity, and can really 
aſcend. 


Experiment 1 1.] The Wheel A (Plate III. Fig. 
6.) whoſe Axis is made of two Cones, the Baſes 
of which join to the Wheel, when put between 
two Planes, whoſe Sides DG, FH continued, make 
the Angle FCD, which has the Baſe, (ſuppoſing - 
a Triangle made) higher than the Vertex, will 
from H G, the lower Part of the Planes, roll to- 
wards F D, the higheſt Part of the Planes. 

By reaſon of the greater Diſtance between the 
Planes at F D, the Wheel A, whoſe Axis is a 
Cone both Ways, deſcends more between the 
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Planes, when it moves towards that Part, and is ſo 


carried thither by its Gravity, provided that De- 
ſcent be greater than the Aſcent from the Inclina- 
tion of the Angle FCD with the Horizon. 


Experiment 12.] The Wooden Cylinder A 

(Plate III. Fig. 5.) has within it, near the Side, 
a Leaden Cylinder; their common Center of 
Gravity is in a Section parallel to the Baſe, 
which divides the Cylinder into two equal Parts, 
_ in a Point anſwering to the Point e of the 
Bale. | | 
Whatever Poſition this Cylinder be laid in, it 
will move until the above-mentioned Center of 
Gravity be in the loweſt Place which it can come 
0. | 

Tf it be laid upon an inclined Plane, in the Po- 
fition deſcribed in the Figure; the Center of 
Gravity will deſcend whilſt the Body riſes along 


the Plane, if it be inclined in a fit Manner, 
D The 
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The Body aſcends by rolling towards the up- 
per Part of the Flane, but Care muſt be taken, 
that, whilſt it is endeavouring to roll up, it does 
not ſlide down along the Plane ; and therefore 
you muſt uſe a Rope, which goes in part round 
the Cylinder, one End of which is joined to the 
Cylinder at f, and the other is fixed to the Plane 
at d. 

From what has been ſaid of the Center of Gra- 
vity, it is farther deduced, that whatever Point 
of a Body or Machine ſaſtains the Center of Gra- 
vity of any Weight, that Point ſuſtains the 
whole Weight: So that thewhole Force, by which 
any Body tends towards the Earth, is, as it were, 
collected in that Center. 


Experiment 13.] If the Body AB (Plate III. 
Fig. 1.]whoſe Center of Gravity is laid upon the 
Brachium of a Balance, does in any Poſition 
æquiponderate with any —_— ; it will in 
any other Poſition, as 4 b, ab æquiponderate 
with it, provided the Center of Gravity be ſtill 
. 

That a Balance may be perfect, it is required, 
1. That the Points of Suſpenſion of the Scales 
or Weights be exactly in the ſame Line as the 
Center of the Balance. 2. That they be preciſely 
equidiſtant from that Point on either Side. 3. That 
the Brachia of the Balance be as long as they 
conveniently can. 4- That there be as little 
Friction as poſſible in the Motion of the Beam 
and Scales. 5. And laſtly, that the Center of 
Gravity of the Beam be placed a little below the 
Center of Motion. 
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CHAP. XI. 
Of the LEV ER. 


DEFINITION I. 


35 


Lever is call'd by Mathematicians, an in- 103 


; flexible Right Line, made uſe of to raiſe 
Weights, either weighing nothing itſelf, or of ſuch 
Weight as maybe balanced. (Plate IV. Fig. 1.) 

It is the firſt of thoſe that we call Simple Ma- 
chines (or Mechanical Powers) as being the moſt 
Simple of all ; and it ſerves, when Weights are 
to be raiſed but to a ſmall Height. 

There are four other Simple Machines, which 
we ſhall treat of in the three following Chapters. 
Concerning the Lever, three 'Things are to be 


conſidered. 


I. The Weight tobe raiſed or ſuſtained. as P. 


2. The Power, by which it is to be raiſed or 
ſuſtained, which here is repreſented by the Weight 
M, tho' commonly it is the Action of a Man. 
3. The Fulcrum, or Prop, by which the Lever is 
ſuſtained, or rather on which it moves round, 
whilſt the ſaid Point F remains fixed. 

The Lever is threefold. 


I. Sometimes the Fulcrum is placed between 104. 


the Weight and the Power. (Plate IV. Fig. 1.) 
2. Sometimes the Weight is between the Ful- 

crum and the Power. (Plate IV. Fig. 2.) 

3. And often alſo the Power acts between the 

Weight and the Fulcrum. Plate IV. Fig. 3.) 
'The ſame R ules ſerve in all theſe Caſes, which 


follow from what has been ſaid of the Balance: 


And this ſhews the Analogy between the Lever 
and the Balance. 'The Lever of the firſt Kind is, 


as it were, a Steel-yard to raife Weights. 


88 


The Action of a Power and the Reſiſtance of the 105 


Weight increaſe, in proportion to their Diſtance from 
. 2 | the 
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"88 the Fulcrum; and therefore, that a Power may 
be able to ſuſtain a Weight, it is required, that 
the Diſtance of the Point in the Lever, to which it 
is applied, be to the Diſtance of the Weight, as the 

90 Weight to the Intenſity of the Power'* ; which, if it 
be ever ſo little increaſed, will raiſe the Weight. 


Experim. 1, 2, and 3.] This Rule is confirm'd 
by Experiments, in reſpect of the three Levers, 
as it appears from the firſt, ſecond and third Fi- 


gures of the fourth Plate; for there is an Æqui- 


librium, when the Weights P, and the Weights 
M, which repreſent the Powers, and alfo the Di- 
ſtances from the Fulcra, bear thoſe Proportions to 


each other, as the Numbers written in the Figures 


expreſs. A Sight of the Figures ſoplainly ſhews 


the Conſtruction of the Machines wherewith the 


Experiments are made, that a further Explanation 
would be needleſs. | jp 

| Workmen alſo make uſe of a Lever, to carry 
Weights; and there are ſeveral remarkable Caſes 
of thoſe Levers, the Demonſtration of which may 
be deduced from what has been ſaid. 2 


106 In all Caſes this is generally to be obſerved, 


that the Intenſity of the Power, or the Intenſities 
of the Powers taken all together (when there are 
wore than one) muſt act as ſtrongly as the Gravity 
of the Weights to be carried or ſuſtained. 


10% If a Weight is to be carried or ſuſtained by 


two Powers, it muſt be placed between the two 
Powers, and the Diſtances of the Powers on-each 


Side of the Weight muſt be in an inverſe Ratio of 


the Intenſities of the Powers. 


Experiment 4. This Propoſition is confirm'd by. 
the Experiment of Fig. 4. which requires no far- 


ther Explanation. 
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Experiment 5. When two W eights are to be 108 
ſuſtained by one Power, that Power muſt be 
placed between the Weights, and then what has 
been faid before of the Powers muſt be applied to 
the Weights. See Fig 1. Plate V. 

Several Weights are often carried or ſuſtained 
by one or more Powers. In which Cafes it is109 
to be obſerved, That all Weights, in whatever Po- 
fition, have one common Center of Cravity ; which 
Center is ſuch, that if, on either Side, eachWeight 
be multiplied 'by its Diſtance from that Point, 


the Sums of the Products on each Side will be 
| equal. 95,99 


Let the Powers alſo be diſpoſed in any Poſition, 


| they have a common Center cf Gravity ; for they 


may be repreſented by Weights ;* and here the * 76 
Intenfity of each Power is to be multiplied by its 
Diſtance from the Center, and 'the Sums of the 
Products willthen be equal on both Sides : That 

the Powers may be able to ſuſtain the Weights, it 

is required that the Center of Gravity of the Pow- 

ers and the Weights be the ſame. 


Experiments 6, and .] What has been ſaid ſuf- 
ficiently explains the Figures, (Plate V. Fig. 2, 
and 3.) where C denotes the Center of Gravity 
common to the Weights and the Powers. 


Experiment 8.] What has been ſaid is true, if 110 
the Lever is drawn (Plate V. Fig. 4.) by Powers 
on each Side; which we ſee in che TG of Fig. 4. 
which is drawn Horizontally on each Side; where 
the Equilibrium only depends upon what has 


been laid down in the Rules above-mention'd. 


We may alfo make uſe of a compound Lever 111 
for raiſing Weights. In which Caſe, inſtead of 


a Power, a ſecond Lever is applied to the firſt, 
D 3 | and 
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and a third to that, and ſo on as far as you Wills 
and a Power is applied to the laſt Lever; an 
then the Ratio of the Power to the Weight (when 
it ſuſtains it) is compounded of the Ratio's of the 
Power to the Weights in each Lever, when they dre 
uſed ſeparately. | 


Experiment 9.] The three Levers A, B, D, 
are ſo diſpoſed (Plate IV. Fig. 5.) that the Pow- 
er M ſuſtains the Weight P. In the Lever A, if 
it were uſed ſingly, the Power would be to the 
Weight as 1 to 5; the Lever B, as 1 to 4; and 
in the Lever D, as 1 to 6. The Ratio, com- 
pounded of all theſe, is as I to 120. For one 
Ounce M does here ſuſtain the Weight P, of 
120 Ounces. , Obſerve, that in the Motion of 
this Engine, the Spaces gone thro' by the Weight 
and the Power are to one another, as I to 120 ; 
that is, in the ſaid inverſe Ratio, which is requir'd 
to make an Equilibrium. * 


CHAP. XII 


Of the Axis in Peritrechio, and Wheels 
Lieth Teeth. | 


HE Lever, as was ſaid in the Beginning of 

the foregoing Chapter, ſerves to raiſe 
Weights to a ſmall Height ; when they muſt be 
raiſed higher, we uſe an Axis in Peritrochio. © 


DEFINITION. | 

We call Axis in Peritrochio, a V heel which 
turns together with its Axis. (Plate V. Fig. 5.9 
The Power in this Machine is applied to the 
Circumference of the Wheel, by whoſe Motion, 
a Rope, that is tied to the Weight, is wound about 
the Axis by which the Weight is raiſed. 
| a: Let 
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Let a b be the Wheel, (Plate V. Fig. 6.) de 
the Axis, p the Weight to be raiſed, the Pow- 
er; as the Wheel is moved by the Power, the 
Points Y and d deſcribe ſimilar Arcs, which are 
the Ways of the Power and the Weight, and are 
to each other, as ch to c 4, that is, as the Diame- 

ter of the Wheel to the Nine of the Axis; 
= whence the following Rule is deduced. 


39 


The Power has the greater Force, the greater 113 


the Wheel is, and its Action increaſes in the ſame 
Ratio as the WheePs Diameter. The Weight re- 
fiſts ſo much the leſs as the Diameter of the Axis 
7s leſs, and its Reſiſtance is diminiſhed in the 
ſame Ratio as the Diameter of the Axis. And that 
there may be an Aquilibrum between the M eight 
and the Power, it is always requiſite that the Di- 
ameter of the Wheel be, tothe Diameter of the Axis, 
iu an inverſe Ratio of the Power to the Weight. * 


It is to be obſerved, that you muſt add the 
Diameter of the Rope to that of the Axis. 


Experiment 1.) This Rule is variouſly con- 
firm'd (Plate V. Fig. 5.) by Help of the Machine 
here repreſented. When the Axis is the twelfth 
Part of the Diameter of the Wheel, half a Pound 
ſuſtains ſix Pounds ; and ſo on. 

The Power alſo may be applied to an Handle 
or Spoke ; as at D, and then the Diſtance of the 
Point to which it is applied, reckon'd from the 
Center, muſt be look'd upon as the Wheel's Se- 
midiameter. 

The Wheels, that have Teeth, work in the ſame 
Manner as this Machine ; they being, i in reſpect of 
the Axis in Peritrochio, what the compound 
Lever is, in reſpect of the ſimple Lever. 


If the Axis of the Wheel has Teeth alſo, It 114. 


ſerves to move a Wheel, whoſe Circumference 
has Teeth ; and this Axis of the laſt Wheel may 
D 4 again 


. 


g 
| 
| 
| 
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again communicate Motion toa third Wheel 
and ſo on. In that Caſe, 7hat the Power may ſuf 
tain the Weight, its Ratio to the Weight is com- 
pounded of the Ratio of the Diameter of the Axis 
of the laft Wheel, to the Diameter of the firſt, 
and the Ratio of the Revolitions of the laſt Wheel, 
to the Revolutions of the firſt in the ſame Time. 
The Demonſtration of which Rule is alſo de- 
duced from the Compariſon of the Ways run thro' 
by the Weight and the Power. (Plate V. Fig. J.) 


Experiment 2.) Let the Power repreſented by 
the Weight M be applied to the Wheel A B, and 
the Weight P to the Axis of the Wheel FG, the 
Diameter of that Axis is the eighth Part of the 
Diameter of the Wheel AB, and this Wheel 
goes round five Times, whilſt the Wheel F G 
goes round once: Therefore the Ratio of the 
Power to the Weight is compounded of the Ra- 
tio's of 1 to 8;and 1 to 5: Therefore it is the 
Ratio of 1 to 40; half a Pound in this Caſe ſuſ- 
raining 20 Pounds. LY 

CHAP. AM. 
Of che PULLET. 


N ſeveral Caſes, where the Axis in Peritrochio 
cannot conveniently be applied, Pullies muſt 

be made uſe of to raiſe Weights ; a Machine, made 
by combining ſeveral of them, lies in a little Com- 
paſs, and is eafily carried about. ens 
„„ What a Pulley is, has been already explain'd. * 
115 If the Weight be fix'd to the Pulley, ſo that it 
may be drawn up along with it, each End of the 

Drawing or Running Rope ſuſtains Half the 
Weight. Therefore when one End is fi d, either to 

a Hook, or any other Way, the moving Force or Por- 
er applied to the other End, if it be equal to half the 

Weight, will keep the Weight in Aquilibrio. 


Exp 
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Experiment 1.] Make faſt the Weight P of two. 
Pounds to a Pulley (Eg. 1. Plate VI.) yet ſo that 
the Wheel or Sheave may not be hindered from 
turning round; let one Part of the Rope ef be 
tied to a Hook ; and the other End cd go round 
the fix d Pulley, to change the Direction, * the *33 
Weight M of one Pound, fix'd to this End of the 
Rope, will ſuſtain the eWight P. 
Several Sheaves may be joined in any Manner, 116 
and the Weight be fix'd to them ; then if one End 
of the Rope be fix'd, and the Rope goes round 
all thoſe Sheaves, and as many other fix'd ones 
as is neceſlary, a great Weight may be raiſed by 


a ſmall Power: In that Caſe he greater the Num- 


ber of Sheaves fd in a moveable Pulley, or of 
moveable Wheels, (for the fix'd ones do not change 
the Action of the Power *) ſo much may the Power 83 
be leſs, which ſuſtains the Weight ; and a Power 
which is tothe Weight, as the Number One totwice 
the Number of the Sheaves, will ſuſtain the Weight. 

The Reaſon is, that the Number laſt men- 
tioned is the Number of the Ropes that ſuſtain 
the Weight, and the Power is applied only to one 
Rope. | x 

N B. The Workmen in England call a Block, the 
Box or Piece of Wood that has one or ſeveral Wheels 
in it; and thoſe Wheels, Sheaves or Sheevers. 


Experiment 2.] Hang the Weight P of 6 Pounds 
to the Piece AB (Plate VI. Fig. 2.) in which 
three Sheaves turn freely round. Let one End 
of the Rope be faſten'd ro an Hook, and let the 
Rope go round thoſe three Sheaves, and three 
other fix'd ones: One Pound, fix'd to the other 
End of the Rope, will make an Equilibrium. 


Experiment 3, and 4.] The different Make of 
the Pullies, or the different. Way of joining the 
: | Sheaves 
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Sheaves makes no Alteration, Oftentimes all 
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Sheaves together, makes no Alteration; the laſt 
Sort is not very convenient for raiſing Weights, 
and therefore Workmen make uſe of unequal 
Sheaves, joined together in the Manner repre. 
ſented in Fig. 3. for the different Bigneſs of the 


L ook 


the Sheaves move round the ſame Axis, as in the 
4th Fig. and ſo the Pullies lie in the leaſt Room, 
Now in both theſe Caſes the Experiments anſwer 


as before. | | 
When the End of the Rope, which in the forego- 


ing Experiments was fix d, is joined to the Weight, eas 
or to the moveable Wheels, then the Ratio of nd a 
the Power to the Weight is no longer, as 1 to 
twice the Number of the Sheaves joined to the 
Weight; but this double Number muſt be increaſ- A 
ed by 1 ; and then, where two Sheaves are joined s ar 
to the Weight, the Ratio will be as 1 toy ; for 
there are juſt ſo many Ropes, which ſuſtain the 
Weight. See Plate VI. Fig. 5. Th 
ed 
Experiment .] If ſeveral moveable Pullies | 
with one Wheel in each, and each having its own 
particular Rope, be diſpoſed in the Manner re- Tl 
preſented in Plate VII. Fig. 1. the Action of the pf th. 
Power will be very much increaſed ; for every 
Wheel doubles it, and therefore it is four Times 
greater with two Wheels, and eight Times great- I 
er with three, and ſo on. | one 
The Rule above-mentioned, (namely, that the WM II 
Spaces gone thro' by the Power and Weight, WMWoo 
when they balance each other, are to one another Hr & 
inverſely as the Power to the Weight,) may be NWOO 
applied in all the Caſes above-mentioned. . W. 
Here we always ſuppoſe the Ropes parallel; Wone 
we ſhall hereafter ſhew what Difference is made Heig 
by the Obliquity of the Ropes. ook? 
OWE 


H 
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Its, | CH A . XIV. 

ay Of theWEDGE and SCREW. 

re- 5, 

the Rom what has been faid, it plainly appears, 
al how great a Weight may be ſuſtained, or 
the ven raiſed, by a little Power; but thoſe are not 


he only Ways of producing the ſame Effect. Me- 
hanicks are not confined only to thoſe Methods; 
he Actions of Powers may be increaſed in all 
Caſes: A very good Inſtance of it appears in the 
edge, which is contrived for cleaving Wood, 


of nd alſo uſeful in ſeveral other Caſes, 
by DeriniTION I. 
a. AWedge is a Priſmof a ſmall Height, whoſe Ba- 118 


es are æquicrural Triangles, as A, Plate VI. Fig. 6. 


DEFINiTION II. 


he „ 
The Height of the Triangle is the Height of the 

| edge; as db. 

ies 

vn DEFINITION III. A 

e- The Baſe of the Triangle is alſo called the Baſe 

ne pf the Wedge; as ce. . N 

5 | & 15 

es DEFINITION IV. | 


-The Edge of the Wedge is a Right Line, which 
Poins the Vertices of the Triangles ; as b. 
| The Edge of the Wedge is applied for cleaving 
Wood ; and the Power is the Blow of a Hammer 
pr Mallet, which drives the Wedge into the 
| When the whole Wedge is driven in, the Space, 
gone thro' by means of the Blow or Blows, is the 
Height of the Wedge, which therefore may be 
Look'd upon as the Space gone thro* by the 
Fower ; and the Space, which the Wood oes 
AO _ thro 
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thro” as it yields on each Side, is half the Baſe 
of the Wedge. Whence it follows, That the Power . 
zs to the Reſiſtance of the Mood (when its Action 
is equal to it) as the half Baſe of the Wedge 10 . 
fo its Hei gbr. = 
What is here ſaid, of the Reſiſtance of tte! toge 
Wood, may be applied to all the other Uſes of 3 
the Wedge. 4 


The two wooden Rules A. A A, are kept 1 
up in a parallel and horizontal situation by cheſs oy 
Feet BB, BB. (Plate VI. Fig. 3.) 0 Fro 

The Braſs Rulers C C, CC, are fix'd to them We. 
on the Inſide. E * 

Between them are moved the two Barrels, or 1 
Wooden Cylinders EE, which turn upon ſmall} I 2 
steel Axes that come out behind the Rulers, E . 
and have a ſmall Return at their Ends, or the Baſes 4 
are bigger than the Cylinders; each Return is a L Tt 
little convex on the Outſide, that the Fri tion“ . 
againſt the Rulers CC, C C, may be the leſ s. In 
the Middle of each Ruler AA, there are two 3 'T 
Pullies d, d, which almoſt touch one another, * 


and whoſe upper Part is even with the Top of the ns 


Rulers C C. : ＋ 
The Rope, which in its Middle carries the : Y 
Weight P, goes round the Pullies d, d, and each Fa 
End of it is fixed to the Axis of one Cylinder E, ; M N 
by Means of a ſmall Plate that has a Hole thro D wi 
which the Axis goes. The other Weight Phi "0 
hangs in the ſame Manner upon ſuch another | Pu 
Rope. | 5 
Therefore the Cylinders E E muſt be carried V * 
towards one another in an horizontal Motion | Tyre 
(their Axes remdining Faralle]) by the Weight Þ T 
P, if they are equal. tn | 
Let there be a Wedge made of two wooden] rex 
Planes F F, which make any Angle at Pleaſure N 


by Aled of che Screw gg. 
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Experiment.] The Cylinders E E are ſeparated 
by letting down the Wedge F F between them, 
which is drawn down by the Weight M, and 
you have an Zquilibrium, when the Weight M, 
together with the Weight of the Wedge, is to the 
weights P, P, as the half Baſe of the Wedge to 
its Height. | 2 Ko 

The Force with which the Cylinders are carried 
towards one another, and which muſt be over- 
come to ſeparate them, is here inſtead of the Re- 
ſiſtance of the Wood; the Force with which the 
Wedge is driven or drawn between the Cylinders, 
that is, the Weight of the Wedge, together with 
the Weight M, is here taken for a Blow with a 
Mallet; and ſo the foregoing Rule is reduced to 
Experiment, and confirmed by it. 

The Screw has a great Affinity with the edge. 
It eonſiſts of two Parts. 
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DEFINITIGN V. 


he Outſide Screw, is à Cylinder cut in, in a Helical 
Form, as AB (Plate VI. Fig. 8.) 

The ſecond, which is called the Female Screw, 
or Inſide Screw, and ſometimes the Nut, and is 
different according to the different Uſes of the 
Machine of which it is made a Part, is à ſolid 
Body that contains an hollow Cylinder, whoſe Con- 
cave Surface is cut inthe ſame Manner as the Male 
Screw, ſo that the Prominent Part of the one may 
fit the Cavity of the other ; as D E. 5 

N. B. The Prominent Helical Part is called the 
Thread of the Screw. 

Theſe two Parts are to move one within ano- 
ther, when the Screw is applied to Uſe. It ſerves 
chiefly to preſs together ſuch Bodies as muſt be 
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Joined and firmly united; for in this Machine 
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The firſt, which is called the Male Screw, or 121 
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the ſmalleſt Power may produce a very great Hanc 
Preſſure. The Screw may alſo be uſed for raiſing | 17 
Weights. In every Revolution of it, one Part P. 
remaining at reſt, the other is thruſt out as far a Pie 
the Interval between two Threads. The Power! N 
which moves the Screw is applied to an Handle may 
or Hand-Spike; and then the Power, which acts as Thi. 
ſtrongly as the Reſiſtance, is to the Reſiſtance as # er: 
the faid Diſtance between two Threads to the Peri- pfles. 
phery of a Circle, run thro by that Point of the 1 
Handle to which the Power is applied. For the 
Way gone through by that Point or Plane, where- 
with the Reſiſtance is overcome, has the ſame [{&F 
Ratio to the Way of the Power. _ 
Here we muſt obſerve, that when the Power {WF 
balances the Weight in any Machine whatever, 
where no Friction is ſuppoſed; that, by encreaſing k 
the Power ever ſo little, it will over-balance the 
Weight. But when there is any Friction, that! 
Friction muſt alſo be overcome by the Pow: [ff 
er; and how much muſt be added to it, to pro- 1 
duce that Effect, cannot be determined mathema- L + 
tically. In the Machine laſt mentioned, this Pere 
Friction is very ſenſible, and alſo of a great Uſe; 
for by it the Machine is kept in its Poſition, and be in 
cannot (either by the Action of the Bodies that 
are preſſed, or the Gravity of the Weights) re- 
ceive a contrary Motion, ſo as to be puſhed back 
to its firſt Poſition; | 2 4 


po 1 1 ORE UV. 
Of Compound Engines. 


111 7 E have already ſhewn®*, how a Machine 
+114 VV may be compounded of ſeveral Levers f, E. 
or ſeveral Wheels; and that in ſuch Machines the (conſi 
Power is to the Reſiſtance (when it counterba- the F 
: | | lances 


ock I, of Natural Philoſophy: 
h ; lances it) 22 a Ratio compounded of all the Ratio's, 
Ekobich the Powers in each ſimple Machine would 
Pave to the Reſiſtance, if they were ſeparately ap- 
Pied. This Rule alſo obtains in all other Machines. 
Not only ſimple Machines of the ſame Kind 
ay be joined ; but one may compound a Ma- 
hine of ſeveral other Machines in different Man- 
her: This will be plain enough by two Exam- 
.-. 3 Þles. 


„pullies to the Axle of the Wheel (Plate VI. Fig. 5.) 
nd apply the Power to the Wheel: Now, as in 
his Caſe, the Action of the Power becomes five 
er Times greater by Help of theſe Pullies, and the 
Diameter of the Axis is but the third Part of the 
Diameter of the Wheel; the Ratio of the Power 
o the Weight is compounded of the Ratio's of 
ik to*s, and 1 to f 3; it is therefore as 1 to 15 
vnd therefore one Pound M ſuſtains the Weight P 
pf 15 Pounds. | 


is crew: For this Purpoſe the Wheel muſt have 
e eeth, and thoſe Teeth muſt ſtand askew, or 


p de inclined, as you may ſee in the Wheel A, 
(Eig. 9.) which is carried round by the Screw 


e- B C. Such a Screw is called an endleſs Screw, 
Rand very much increaſes the Action of the Power; 


for there are ſo many Revolutions of the Screw, 
Mor of the Handle of it, required to turn the 
Wheel once about as the Wheel has Teeth. And 
pf another Wheel with Teeth be added to the firſt, 
the Action of the Power will ſtill be much more 
ſincreaſed. | 


Experiment {The Machine of Plate VI. Fig. . 
ſconſiſts of an endleſs Screw, which is moved by 
the Handle DE. Here the Ratio of the Power 

ö to 
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Experiment 1. ] Join the running Rope of the 122 


116 
1113 


The Axis in Peritrochio may be moved by a 123 


123 Turn of the Wheel*. The Ratio compound- 
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ro the Weight when it balances it, is compound- 
ed of the Ratio of the Semidiameter of the Axis 
of the laſt Wheel F. to the Length of the Handle 
D E, and the Ratio of the Revolutions of that 
Wheel to the Revolutions of the Handleor Screw, 
The firſt Ratio in this Machine is the Ratio of 
I to 30; the ſecond is gathered from the Num- 
ber of Tecth ; the laſt Wheel F has in its Cir- 
cumference 35 Teeth, and the Axis of the firſt 
Wheel 7; therefore the firſt Wheel goes round 
five times, while the ſecond Wheel goes round 
once: But this firſt contains 36 'Teeth ; therefore 
the Screw goes round ſo many times, for onę 


ed of theſe two is 1 to 180, which is the ſe- 
cond Ratio ſought; and the Ratio made up of 
that and the firſt (which is 1 to 30) is the Ratio 
of 1 to 5400, which would be the Ratio of the 
Power to the Weight, if there was no Friction; 
but as it is pretty great in all theſe Engines, the 
Power muſt be pretty much increaſed, to make it 
raiſe the Weight; tho' ſtill a very ſmall Power, ap- 
plied to it, will raiſe a prodigious Weight. The 
Handle E D may be twice or three times as long, 
or ſtil! longer, which will double, or triple, or 
farther increaſethe Action of the Power: And, in 
that Caſe, a ſmall Hair will overcome the Force 
of the ſtrongeſt Man. | 

A great Number of other Compound Machines 
may be made, whoſe Forces are in the ſame 
Manner determined, by Computation, by the 
Rule mentioned inthe Beginning of this Chapter 
or alſo by comparing the Way gone through by 
the Power with that gone through by the Weight, 
or any other Obſtacle ; for their Ratio will be the 
inverſe Ratio of the Power, and the Weight or 
Reſiſtance. 
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The Forces, which acting contrariwiſe balance 
one another, are always equal; if therefore the 
Intenſity of a Power be leſs than that of the Re- 
ſiſtance, it muſt run thro' a greater Space in the 
ſame Time ; and that muſt always be, in Propor- 
tion as its Intenſity is leſs; for the Forces can dif- 
fer in no other Reſpect, neither can we compen- 


ſate any other Way for the Difference of Intenſity, 


CH Ap. Xvl. 
Of Sir Iſaac Newton's Laws of Nature, 


N what we have ſaid of Machines, we have 
conſider'd the Actions of Powers and Weights 
acting continually againſt Obſtacles and other 
Reſiſtance ; now we ſhall conſider Bodies left 
to themſelves and continuing in Motion, or free- 
ly falling : And here we muſt reaſon from Phz- 
nomena, (as one muſt do in all Natural Philoſo- 
phy) and from them deduce the Laws of Nature. 
Sir 1/aas Newton has laid down Three, by which 
we think that every Thing that relates to Motion 


may be explained. „ 
LAW I. 


All Bodies continuein their State of Reſt, or Mo- 124 
tion, uniformly in a right Line, except ſo much as 
they areforc'd to change that Stateby Forces impreſs d. 

We ſee that Bodies, by their Nature, are inactive 
and incapable of moving themſelves; wherefore 
unleſs they be moved by ſome extrinſical Agent, 
they muſt neceſſarily remain for ever at reſt. 

A Body alſo, being once in Motion, continues 
in Motion according to the ſame Direction, in 
the ſame right Line, and with the ſame Velocity, 
as we ſee by daily Experience; for we never 
ſee any Change made in Motion, but from 
ſome Cauſe. But (ſince Motion is a continual 
Change of Place) how the Motion in the ſecond 

Moment 


4 


125 
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Moment of 'Time ſhould flow from the Motion 
in*the firſt, and what ſhould be the Cauſe of the 
Continuation of Motion, appears wholly un- 
known to me; but, as it is a certain Phænomenon, 
we muſt look upon it as a Law of Nature. 


LAW 


The Change of Motion is always proportionable 
to the moving Force impreſs'd, and is always made 
according to the right Line in which that Force is 


 impreſsd. 


126 


If to a Body, that is already in Motion, another 
Force be ſuperadded to move it in the ſame Di- 
rection, the Motion becomes quicker, and that 
in Proportion to the new Force impreſs'd. * 

When a new Force impreſs' d is contrary to the 
Body's Motion, the Retardation follows the Pro- 
portion of the Impreſſion ; ſo that a Force which 
is double or triple, &c. produces a double or 
triple Retardation. And generally all Forces 
produce Changes in Motion, according to their 
Directions and Quantities ; other Actions of For- 
ces would imply a Contradiction: This will ap- 
pear more clearly by ſuch Experiments made up- 
on oblique Forces, as we ſhall mention in ſome of 


the following Chapters. 


LAW. 


Action is always equal, and contrary to Re-action; 
that is, the Actions of two Bodies upon each other 
are always equal, and in contrary Directions. 

Which Way ſoeveroneBody acts upon another, 


we ſee that Body always fuffers an equal and con- 


trary Re- action. If I preſs a Stone with my Fin- 
ger, my Finger is equally preſs'd by the Stone. 
A Horſe, that draws a Cart forward, is as much 
drawn backward by the Cart ; for the Geers or 


Traces are equally ſtretched both Ways. 
8 * When 


. 


IN 


Ne 
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F 
| 


When a Body ſtrikes againſt another, what- 


ever the Stroke be, both ſuffer it equally ; but 
the Impreſſions are contrary. This is clearly con- 


firmed by the Experiments of the Congreſs of Bo- 
dies. | | 

The Loadſtone draws Iron, and is equally 
drawn by Iron. 


1 
7 
2 
mY 
** 
5 

* 
41 
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4 


| 
Experiment.] Suſpend the Loadſtone M, 
(Plate VII. Fig. 2.) in ſuch Manner that it may 


vithin a ſmall Diſtance of it, the Loadſtone will 
come to the Iron: And if you pull back the Iron, 
before the Stone be come to it, the Stone will 


When a Man ſits in a Boat, and by a Rope 
pulls towards him another Boat, juſt as big and 
as much laden, both Boats will be equally moved 
and meet in the Middle of the Diſtance of the 
Places in which they were at firſt. If one Boat 
be greater than the other, or more laden, the Ve- 
oci ties in each will be different, when they have 
different Quantities of Matter; but the Quanti- 
ties of Motion on both Sides will be equal, ab- 
ſtracting from the Reſiſtance of the Water. 
And this Law takes place generally in all the 
Actions of Bodies upon one another. 


CHAP. xvi 
OF the Acceleration and Retardation of heavy 
Bodies. 


DETINITIONI. 


A N accelerated Motion 7s that Motion, whoſe 127 
3 Velocity becomes greater every. Moment. 
1 DEI 


mee 


1 
5 


SI 


| eaſily be moved; then, bringing a Piece of Iron 
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DEFINITION II. 


128 A retarded Motion 2 that, whoſe Felocity is 


diminiſhed every Moment. 


The Force of Gravity acts continually upon all] 
; Quantity of Mat- [ 
 *79 ter *. When a Body falls freely, the Impreſſion] 
made upon it the firſt Moment is not deſtroyed] 

in the ſecond Moment; therefore there is ſuper- ] 
added to it the Impreſſion made in the ſecond 

129 Moment and ſo on. The Motion then of a Bod), 
hat falls freely, is accelerated, and that equally} 
in equal Times; becauſe the Force of Gravity] 
75 acts every Moment in the ſame Manner *, and 
therefore communicates an equal Velocity to Bo- 

dies in equal Times. Whence that Celerity, which ri 

130 7s acquired in the Fall, is always as the Time in 
ich the Body has fallen. For Example: The 
Velocity acquired in a certain Time will be dou- 
ble, if the Time be double; and triple, if the} 


Bodies, in Proportion to their 


Time be triple, Ec. 


Let that Time he expreſſed by the Line A BÞ Jt 
(Pate VII. Fig. 3.) and let the Beginning of the 
Time be A. In the Triangle ABE, the Lines 

1 2g, 3 B, which, being parallel to the Baſe, 
are drawn through the Points, 1, 2, 3, are to 
one another as their Diſtances from A, A 1, A 2,Þ! 

Az; that is, as the Times which are expreſſed 
by thoſe Diſtances, and expreſs the Velocitie| 
of a Body falling freely after thoſe Times. If. 
inſtead of Mathematical Lines, others be taken] 
with a very ſmall Breadth equal to each of them || 
the Proportion will not be changed thereby 

and thoſe ſmall Surfaces will in the ſame Mannei 

_ denote the above-ſaid Velocities. In the leaſt}] 
Time the Velocity may be looked upon as equa- 


ble, and therefore the Space gone through in 
s; that Time is proportionable to the Velocity.“ In 
| ; Fac 


Book l 
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each of thoſe ſmall Surfaces above-mentioned, if 

Fi the Breadth of the Surface be called the Time, 
is $9 the Surface itſelf will be the Space gone thro'. 
The whole Time AB conſiſts of thoſe very ſmall 
all Times; and the Area of the Triangle A B E, 
at- Jof the Sum of all thoſe very little Surfaces, an- 
on 1 ſwering to thoſe ſmall Parts of Times: Therefore 
ed that Area expreſſes the Space gone through in the 
er- Time AB. After the ſame Manner the Area 
nd of the Triangle A 1 F repreſents the Space gone 
% thro' in the Time A 1; thoſe Triangles are ſimi- 
lar, and their Areas are to one another as the 
ity Squares of the Sides A B, A 1: That is, e Spa- 


nd ces, gone through from the Beginning of the Fall, 13 1 


z0-· are to one another, as the Squares of the Times du- 
ich ring which the Body fell. 
in This is confirmed by Experiments made on the 
he following Machine. 
u- The Balance AB (Plate VII. Fig. 4.) which 132 
the] has but one Scale, is exactly in Æquilibrio; when 
[Ja Weight is put into the Scale, an Iron, made in 
\ BE J the Form of a Gnomon, keeps faſt the Brachium 
rhe A, and the Balance is retained in a horizontal 
nes 3 Poſition. | 
{1 At F there is a thin Spring Fg fixed to the 
to 1 Gnomon,and which, when extended, reaches to 2, 
[{ where the End g is retained by Help of the little 
Plate 2, which is made faſt to the Brachium A. 
ie Now by this means the leaſt Motion of the 


I, Balance becomes ſenſible ; becauſe then theSpring 
cen Fg, being free, flies out, and returns to theFigure 
mi s. | 

y 31 Atthe End of the Brachium B, there is a Hole, 
ner thro? which the String faſtened to the Hook D 
aſth] paſſes freely, that String is kept in a vertical Si- 


tuation by hanging on the Weight N. 

rin! The Weight M has a Hole thro' it for the 

above-mentioned String to paſs freely thro ; in 
© making 
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making Experiments, the Weight M is raiſed up II 


along the String, and, when you let it go, it falls 


upon the ſame Point of the Brachium B. 5 
Experiment.] Put the one Pound Weight P into fon 
the Scale; then the Body M, falling from the B C 
Height of three Inches, will move the Balance. 

When P is a two Pound Weight, let M fall from 

twelve Inches, and the Balance will be moved, 

If you lay on three Pounds in the Scale, the Body 

M muſt be let fall from a Height of 27 Inches, 

to move the Balance and raiſe P. And in all theſe? 

Caſes, if the Height from which M falls be taken 

but a little leſs, the Balance with the Weight inf 

the Scale will not be moved. 3 

In this Experiment, the Weight which is laid 5 

upon the Scale, and raiſed by the Blow of the 

falling Body, is proportionable to the Stroke; the 

Quantity of Motion in the Body follows the Pro-] 

portion of the Stroke: And that Quantity (be- 

cauſe we make uſe of the ſame Body) is propor- ; 

* 63 tionable to the Celerity *; andlaſtly, the Celeri-· up is 
*130 ty here is proportioned to the Time of the Fall“: 
| Therefore the Weights above-mentioned follow jn th 
the ſame Proportion of the Time. The Weights Bod) 
| here are as the natural Numbers 1, 2, 3, and] and 
therefore the Times are in that Proportion: But] riſes 
the Spaces gone thro' in thoſe Times are as 3, Auris 
12, 2), or as I, 4, 9, which Numbers are the have 

_ Squares of the others. : 
133 Having divided the Time AB (Plate VII. Fig. I 
30 into the equal Parts A x, 1 2, 2 3, 3 B, thro cr 
the Diviſions draw Lines parallel to the Baſe %, the 
Spaces gone thro in thoſe Parts of Time, that is, aſcen 
in the firſt, ſecond, and third Moment, &c. ſuppo- pay 
fingthe Moments equal, are to one another as the ¶ come 
Areas A 1% 17g 2, 2g 53, 35 EB; which as in 
Areas, as appears by the Figure, are to one ano- Bod; 
ther as the odd Numbers 1, 3, 5 0 2 
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up If theBody, after it has fallen, during the Time 
falß A B, ſhould be no more accelerated, but with the 
Celerity B E, acquired by that Fall, ſhould uni- 
2 formly continue its Motion, during the equal Time 
B C, the Space gone thro' by that Motion is ex- 
ßpreſs'd by the Area B E D C, which is double the 
Triangle A B E. And therefore, | 
A Body falling freely from anyHeight, with that 134 
Velocity which it has acquired by that Fall, will 
in a Time equal to the Time of the Fall (by an equa- 
bie Motion) rum thro a Space double the [aid Height. 
ny Which Propoſition we ſhall alſo confirm by an 
Experiment.“ 1211 
. The Motion of a Body thrown upwards is 
7 retarded in the ſame Manner, as the Motion of 
falling Body is accelerated by the fecond 
Law *: In this Caſe the Force of Gravity con- 124 
ſpires with the Motion acquired; and in that it 
acts contrary to it. But, as the Force of Gravity 
is equal every Moment, he Motion of aBodythrown135 
is equally diminiſhed or retarded in equal Times. 
The ſame Force of Gravity generates Motion 
in the falling Body, and deſtroys it in the riſing 
Body; therefore the ſame Forces are generated 
10 and deſtroyed in equal Times. A Body thrown up 
ut riſes till it has loſt all its Motion; and ſa goes 2p 130 
7 during the ſame Time, that a Body falling could 
¶ have acquired a Velocity equal to the Velocity with 
4 which the Body is thrown up. | TEE, 
If a Body be thrown up with the ſame Ve- 
locity that it would acquire in falling down 
the Line BC (Plate VII. Fig. 5.) it would 
J aſcend in a Time equal to the Time of the 
Fall *, (and with an equable Motion) ſo as to*,,, 
come up the Height CA, the double of B C#; bur « „, 
as in the ſame Time, by the Force of Gravity, the 
Body goes thro a Space equal to the Space A B, 
mo Ly BC: as theſe two Motions obtain here at 


36. Mathematical Elements Book I. 


the ſame Time, and act contrariwiſe, the leſſer 
muſt be ſubſtracted from the greater; therefore 
the Body, after the End of the Aſcent, vill be 


137 at H. Whence it follows, that a Body thrown up 


will riſe to the ſame Height from which, falling, it 
138 would acquire the Velocity with which it is thrown 
up. And therefore, he Heights, which Bodies thrown 
Ap with different Velecities can riſe to, are to one 

* 131 another as the Squares of thoſe Velocities.* 


130 1 
e ab AFL. -...-. 
Of the Deſcent of heavy Bodies upon inclined 
2 Janes. ee 
. DEIN TTroN I. n 
E call an inclined Plane that which makes 
139 Y Y en oblique Angle with the Horizon. © 
OB in Plate VII. Fig. 6. repreſent a Line 
parallel to the Horizon; A B makes with it the 
oblique Angle A BC, and repreſents an inclined 
Plane; and the Perpendicular A C is let fall 
from A, the upper Part of the Plane; to the Ho- 


TSS | 3 SIOKS FE 
09900 Derr NI TIO N II. 
140 The Length A B is called the Length of the 

e TFF... 
> DETINITION III. CNT 
141 Tie Line AC is called the Height of the Plane. 


8 Let two equal Bodies deſcend by the Force of 
Gravity from the Point A, the one along the 
Line A B, and the other along the Line 4 CG; 


when they are come to the Points B and C, they 
have deſcended equally, that is, they will be got 
each equally. near to the Earth's Center: 'There- 
fore the Forces with which they are impelled, as 
they. are directed towards the Earth's Center, 
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Ter are equal; but the Intenſities of equal Forces are 
re I reciprocally as the Spaces gone through *; and 79 
be therefore here the Intenſity of the Force, by 
up MM which the Body is impelled along an inclined 
it Plane, is to the Intenſity of it, by which it is 
vn directly impelled towards the Center of the 
vn Earth, as AC to A B. Therefore, 4 Body, laid 
ne upon an inclined: Plane, loſes Part of its Gravity ; 142 

= andtheWeight, required to ſuſtain it, is tothe Weight 

of the Body as the Height of the Planeto its Length. 

The Plane NOQL (P7Zate VII. Fig. J.) is placed 143 
in an horizontal Situation; the Plane A BIH 
moves upon Hinges ;' and may be fixed at any 
Height, by Help of the Screw V, and Quadrant . 
Ihe wooden Ruler E F has a Pulley C fa- 
ſtened at one End, and revolves about the other; 
the Head D, about whoſe Center this Ruler moves, 
may be fixed (in any Place of the Slit p 5) to the 


hs Plane NO QL, by a Screw under the Plane. 
ed M is a wooden Cylinder, whoſe Axis is of 
al Steel, and whoſe Baſes ſomewhat exceed the 


Cylinder; ſo that, as it turns round along the 
Plane ABI H, the Baſes only touch the Plane. 
The Cylinder is ſuſtained by a String that 
goes over the Pulley G; which String is fixed 
be to a thin Braſs Ruler, bent in ſuch Manner, that 
þ the Axes of the Cylinder go thro' its Ends, and 
turn in them, TT 

In making Experiments, the Pulley is ſo plac'd 

BH by the inclining Ruler EF, and moving the 
of Head D along the Slit 15; that the String, by 
ne which the Cylinder is ſuſtained, is parallel to the 
bs inclined Plane A B 1H. 8 


ot Experiment 1.] Let the Plane ABIH be in- 
e- clined in any Manner, the Weight of the Body 
as M has the ſame Ratio to the Weight P, as the 
"A Length of the Plane A B to its Height AC; _ 

a f "is 


the Body M, in what Part ſoever of the inclined 


Weight P. | 


ſcend along an inclined Plane, ariſes from Gravity, 

it is of the ſame Nature with it ; and there- 

| fore that Force every Moment, and in all Parts 

of the Plane, is equal “: For the ſame Reaſon 
I44 the Motion of a Body, freely running down upon 1 

inclined Plane, is of the ſame Nature with the 

Motion of a Body freely falling ; and what has 

been ſaid of the one, may alſo be affirmed of the 

other. It is therefore a Motion equably accelera- 

* 129 ted in equal Times ; * and therefore the Propoſi- 

tions of Numb. 130, 131, 133, 134, 135, 136, 

13, and 148, may be here applied, if we ſuppoſe 

145 a Motion upon an inclined Plane, inſtead of a di- 

rect Aſcent or Deſcent. 

The Forces by which two Bodies deſcend, one of 
which falls freely, and the other runs down an incli- 
ned Plane, if the ſaid Bodies begin to fall at the 
ſame Time, are always to one another in the ſame 

*g, Ratio as in the Beginning of the Fall * ; therefore 
144 the Effect of thoſe Eorces, that is, the Spaces gone 
thro in the ſame time, are in the fame Ratio; name- 
" 142 ly, that of the Length of the Plane to its Height *. 
In the Plane AB (Plate VII. Fig. 8.) the Space 
gone through by a Body, whilſt another falls free- 
ly down the Height of the Plane A C, is deter- 
mined by drawing C & perpendicular to A B: 
for then the Length of the Plane AB is to its 
Height A C, as A C to AG. If a Circle be deſcribed 


9 : — —_— ww T7 3 — 
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4 
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14 

5 ; 


— — 2 — — —8 s E On. 9 —— — — 


the Periphery of the Circle; becauſe an Angle in 
a Semicircle, as AGC, is always a Right Angle; 
and therefore a Point taken, as G, in any Inclina- 
tion of the Plane, will always be in the Periphery 
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Chords 
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Plane it be ſet, will be ſuſtained upon it by the | 
As the Force, by which a — is made to de- 


with the Diameter A C, the Point G will be in 


of the ſaid Circle: Whence it follows, that all the 


 direitly down, or along an inclined Plane; and ſince 
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Chords, as A G, are gone thro*' by Bodies running 
along them, in the Time that a Body, falling 
freely, would run down the Diameter A C; and 
therefore the Times of the Falls thro' thoſe Chords 
are equal. 'Thro' the Point C there can be drawn 
no Chord, as H C, but what a Chord, as A g, 
may be drawn parallel to it, (that is, equally in- 147 
clined) and equal; therefore in a Semicircle, as 
AH C, whether a Body falls freely along the Di- 
ameter A C, or whether it falls down along any 
Chord, as H C, it will in the ſame Time come to 
the loweſt Point of the Semicircle. 

'The Time of the Fall along the whole Plane 
A B may be compared with the Time of the De- 
ſcent along the Height A C ; which for that Time 
is equa] to the Time of the Fall along A G ; and 
ſo the Squares of thoſe 'Times are to one another, 
as A B to AG“. But AB is to A C, as AC*"'45 
to A G : therefore the Squares of the Lines AB 
and AC are to one another, as AB to A G; and 
therefore thoſe Lines A B and A C are to one ano- 8 
ther, as the Times of the Fall along A B and A &, 
or AC; that is, the Times in that Caſe are, as the 
Spaces gone throubg. 43 | 

In the [ame Caſe, theVelogities, at the End of the 149 


Deſcent, or equal ; for after equal Times, when 


the Bodies are at & and C, the Velocities are in, 
the ſame Ratio as in the Beginning of the Fall *, | 
that is, as the Forces by which the Bodies - 7. 
are impell'd, or as AC to AB *. When the 

Body deſcends from & to B, the Velocity increaſes 

as the Time; and the Velocity at G is to the Ve- 
locity at B, as AC to AB#*: therefore the 48 
Velocities at B and C have the ſame Ratio to 

the Velocity at G, and ſo are equal. Hence it 
appears, that a Body acquires the [ame Velocity, 150 
in falling from a certain Height, whether it falls 


129 


the 


60 


151 


152 


Mathematical Elements Book l. 


the Angle of Inclination cauſes no Alteration, 
a Body my run down ſeveral Planes differently in- 
cliued, and even along a Curve, (which may be 
cutter d as made up of an innumerable Num- 


ber of Planes differently inclined) and the Celeri- | 


ty acquired will always be the . when the 
Height is equal. 


Experiment 2.] In this Experiment it is to be 
obſerv'd, that a Body hanging by a Thread, and 
deſcribing a Curve by its Fall, falls in the ſame 
Manner, as if it was to run down ſuch a Curve cut 
hollow in a ſolid Body without any Friction. 

Let the Body P, (Plate VII. Fig. 9.) ſuſpend- 
ed by a Thread, fall from the Height A C, in the 
Curve B C, and in the Curve D C, and in the 
Curve EF G C, made up of Parts of different 
Circles, and in each Caſe it will, with the ſame 
Force, ſtrike againſt the Body Q, which is at 
reſt; and always drives it to the ſame Height. 

4 Body that has acquired any Celerity in falling 
down along any Surface, whether Plane or Curve, 
202 riſe up to the ſame Height along another ſimi- 
larSurface,with the ſame Velocity, in the ſame Time. 

A Body will, with the ſame Celerity that it has 
acquired in falli ing downfrom a certain Height, riſe 
ap to the ſame Height in any Curve whatever. 


Experiment 3.] Let the Body P, (Plate VIII. 
Fig. I.) hanging by a T wee Jy fall from the 
Height A C, along any Curve B 2 with the Ce- 
lerity which it has thereby acquired, it will aſcend 
tothe ſame Height on the other Side, in the 
Curves CD or CE, or C H GE. 
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| CH AP. MC. 
| Of the Oſcillation or Vibration of Pendulums. 


DEFINITION. 


moveable with the Thread about the Point 
to which the Thread is fix d, is calPd a Pendulum. 


| The Motion of a Pendulum is an oſcillatory 
or vibratory Motion. When the Weight, the 
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heavy Body, hanging by a ſinall J. hread and 153 


Thread being extended, is raiſed upon one Side, 


it deſcends by its Gravity, and, with the Cele- 
rity that it has acquired, riſes up to the ſame 


Height on the other Side; * and then it returns 15 


by its Gravity, and ſo continues in its Vibrations. 

We here ſuppoſe the Motion about the Point 
of Suſpenſion to be perfectly free, and that there 
is no Reſiſtance of Air, which is very ſmall in 
great Pendulums. | 

The Body P (Plate VIII. Fig. 2.) does, in its 
Motion, deſcribe the Arc PB F; ½ inſtead of 
that Motion, 4 Body ſhould deſcend along the 
Chord PB, and again aſcend alang the Chord 
B F, and ſo ſhould perform its Vibration in Chords; 
the Deſcent would be made in that Time in 
which the Body by its Fall would go thro' the 
Length of the Diameter AB; * that is, twice 
the Length of the Pendulum: In an equal Time, 
it aſcends along the Chord B F; * therefore in 
the Times of onewhole Vibration, the Body in falling 
might run thro* four Diameters ; * that is, eight 
Times the Length of the Pendulum. And as the 
Deſcent and Aſcent in any Chord is performed in 
the ſame 'Time, all the Vibrations in Chords, 
whether great or ſmall, are likewiſe performec 


in the ſame Time, In ſmall Vibrations, the 
Arc 


. 
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Arcs of a Circle do not ſenſibly differ from the 

155 Chords; and the Vibrations ofthe ſame Pendulum, 
tho* unequal, ate performed in the ſame Time, as 
far as our * can diſtinguiſh. 


Experiment 1. Plate VIII. Fig. 4.] If the two 
equal Pendulums, CP and cp, are let fall from 
the Points P and p in the ſame Moment of Time, 
they will at the ſame Time come to B and 5, 
and then to F andf; and ſo they will continue 
their Motion, in the Arcs P BF and /, always 
in the ſame Time. LL 

Here it is to be obſerved, that tho' the Propo- 
fition 155 be true in all Pendulums, the Demon- 
{tration given is only to be applied to ſhort Pen- 
dulums ; in the longer Sort the Time of the De- 
ſcent along a Chord differs ſenſibly enough from 
its Deſcent along an Arc ; but in ſmall Arcs the 
Differences are equal, tho' the Chords be of dif- 


. 


ferent Lengths. 
Let the Circle FB (Plate VIII. Fig. 3.) roll 
along the Line A D, till the Point B comes to A 
in the ſame Line ; by ſuch a Motion the Point B 
deſcribes a Portion of the Curve BP A. Such 
another Curve, BD may be deſcribed in the 
fame Manner, and the whole Curve ABD is 
call'd a Cycloid. Let it be divided into two 
equal Parts at B, and let the Parts BA and BD 
be ſo diſpoſed as to have the Points A and D 
fall in togetherat C ; and let the Point B coin- 
cide with the Points A and D in the Line AD. 
Let two Plates of Metal be bent according to 
theſe Curves, ſo that the Thread of af Pendulum, 
ſuſpended at C, may on either Side apply itſelf 
to thoſe Plates, and fall in with their Curves as 
the Pendulum vibrates. Now if the Length of 
che Pendulum be CB, the Body P in its Vibra- 
ons will deſcribe the Cycloid ABD. | 
1 It 
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It is a Property of this Curve, that in what- 156 
ver Point of it the Body P be placed, the Force, 
ith which it is carried by its Weight along the 
urve, is proportional to the Part of the Curve 
hich is between that Point and the loweſt Point 
of the Curve B. Whence it follows, that if two 
pendulums, as CP, be let fall in the ſame Mo- 
ment from different Heights, the Velocities, with 
which they begin to fall, are to one another, as 
the Spaces to be run thro' before they come to 
B: If therefore they ſhould be acted upon by 
thoſe Forces alone with a Motion not accelerated, 
they would come to B at the ſame Moment of 
Time ; * after the ſame Manner by the Forces 
which are acquired, the ſecond Moment, they 
alſo come to B at the ſame Time : 'The ſame 
may be ſaid in Relation to the following Mo- 
ments; and the half Vibrations made up of all 
the Forces together, however unequal they are, 
as alſo the whole Vibrations, are performed in the 
ſame Time. 

It is moreover demonſtrated by Geometri- 15) 
cians, that the Time of each Vibration is to the 
Time of a vertical Fall, along the half Length of 
a Pendulum, as the Peripbery of a Circle to its 
Diameter. In this Curve the lower Part coin- 
cides with a ſmall Arc of a Circle, as to Senſe : 
And this is the true Reaſon, why in a Circle the 
Times of ſmall Vibrations (however unequal 
thoſe Vibrations be) are equal; and therefore 
alſo the Duration of thoſe Vibrations has the 
above-mentioned Ratio to the Time of a verti- 
cal Fall. The Durations of the Vibrations of un- 158 
equal Pendulums may be compared together. 
When the Arcs are ſimilar, the Deviations, in 
Reſpect of the Chords, are alſo ſimilar, and the 
Times of the Vibrations in the Arcs are, as the 


Times of the Vibrations along the Chords; but 
they 
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*:54 Pendulums; * and ſo he Squares of the Durati. 
*131 oxs are as thoſe eightfold Lengths, * or as the 


are let fall at the ſame Time from the Points p 
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they are, as the Times of the Deſcent along 
Lengths, eight Times greater than the Length d 


Lengths of the Peuduluius. 


Experiment 2.] Two Pendulums CP, cy, 
(Plate VIII. Fig. 5.) whoſe Lengths are as 4 to1, 


and p, fo that in their Vibrations they deſcribe 
fimilar Arcs ; the longer Pendulum vibrates once, 
whilſt the ſhorteſt vibrates twice; and ſo the 
Squares of the Durations of the Vibrations are 
as 4 to I, namely, as the Lengths of the Pendu- W calle 
lums. 

When the Vibrations are ſmall, this Ratio al- thoſ 
ſo holds, tho' the Pendulums ſhould not vibrate deve 


115; In ſimilar Arcs.“ | We 


159 


The Velocities of Pendulums in the loweſt Point, ff | be 
when the Vibrations are unequal, are to one another, pou 
as the Subtenſes of thoſe Arcs, which the Body de- of ( 
ſcribes in its Deſcent. So the Velocity of the Bo- 
dy P, (Plate VIII. Fig. 2.) falling in the Arc PB, dul 
is to its Velocity when it falls along DB, as the Per 
Chord PB to the Chord DB: For if you draw Poi 
in a Circle the Lines Pf, Dad parallel to the Ho- be 
rizon, the Squares of the ſaid Chords are to one du 
another, as theLines FB, 4 B. The Squares of the | 
ſaid Velocities are alſo, as thoſe Lines FB, 4 B; ſiſt 


. #150 therefore the Velocities are as the Chords .* inc 


131 
130 


.* 
8 F — 5 
1 Pe" ths a ; — 
— * - Ld »* © 8 8 2 5 1 
12 8 7 22 2 % 2 : N ; : : 
. , , - 4.26 "> 
4% *S * — / 2. 

. - 22 A * 72 * 4 4 0 

0 » 
* ” . p ng 
. a 5 ; 
a 1 7 7 . * - * 

oy > : 

* | . * 


Concerning all that has hitherto been faid of | i ſm 
Pendulums, it is to be obſerved, that ir is no 


160 Matter how big the Weight of the Pendulum is, vit 
or whether the Weights of two Pendulums be fuc 
different in Magnitude or different Sorts of Bo- of 
dies; ſince Gravity is proportional to the! 
Quantity of Matter in all Bodies, all Bodies in br 
the fame Circumſtances are moved by Gravity | 


with 
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lone | with the ſame Velocity. Which is alſo confirm'd 

h of by the following Experiment. 

rai. 

th Experiment 3.) Take two equal or unequal 

| Balls, the one of Lead, and the other of Ivory, 
| hang them up by Threads, that they may make. 
cf, MW Pendula of equal Lengths; let them vibrate, and 

On, WM their equal Vibrations (or even all their unequal 

ones, provided they be ſmall Vibrations) are per- 

ide M\ form'd in the ſame Time. 

ce, | Oftentimes inſtead of a Thread, a ſmall, but 161 

the | ſtiff, Iron-Rod is made uſe of, and ſometimes al- 

arc ſo two or more Weights are fix d to it, and it is 

lu- called a Compound Pendulum; in that Caſe the 

Rules above mentioned are not applicable; but 

al- W thoſe Pendulums are reduced to ſimple ones, by 

ite determining in them ſuch a Point, that, if all the 

Weights were united in it, the Vibrations would 

4, be of the ſame Duration as thoſe of the com- 

| pound Pendulum. This Point is called the Center 

G Oſcillation. 

The Center of Percuſſion in a commaniad Pen- 162 
dulum is a Point, in which the whole Force of the 
Pendulum is as it were collected; ſo that if that 
Point ſtrikes againſt. an Obſtacle, the Blow will 
be greater than if any other Point of the Pen- 

e | dulum ſhould ſtrike againſt it. 

e W In a Vacuum, or a Medium that does not re- 

5 B fiſt, theſe two Centers coincide. - They alſo co- 

[ incide in the Air, as to Senſe, by reaſon of he 
| | ſmall Reſiſtance. 
, A Body of any Figure may be ſuſpended, and 
/ vibrate about a Point, or rather an Axis; and in 
' ſuch a Body one may alſo determine the Center 
| of Oſcillation. 

ben a Right Line,ſuch as is an Iron-Wire, vi- 1 * 

ö | brates about one End, the Center of Oſcillation ts 

1 F aiftant 


„„ Ao 


Et 
| diſtant from the Point of Suſpenſion two third 
Parts of the Length of the Wire. 


164 
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Experiment 4.] The flat Iron AB (Plate VIII. 
Fig. 6.) muſt be ſo hung up, as to vibrate about 
the End A; let the ſimple Pendulum CP, whoſe 
Length is equal to two third Parts of A B, be 


ſuffered to deſcend at the ſame Time as the Iron; 


and the Vibrations of the Pendulum and the Iron 
will be perform'd at the ſame Time. 21716 
The Vibrations of Pendulums, as we have ſaid, 


; tho* unequal, are perform'd in the ſame Time, 


and this Property of Pendulums is of great Uſe 
in Clocks, to which an equable Motion is com- 
municated by fixing on a Pendulum. | 
Buy carrying Clocks to different Places, it 
has appear'd that the Force of Gravity is not 
equal in all Parts of the Earth, becauſe the Vi- 


brations of the ſame Pendulum, in divers Coun- 


tries, have been found unequal, in reſpect toll ime ; 
and that Difference of Gravity is meaſured by 
Tendulums. = ig 

Let there be two Pendulums, whoſe Lengths are 
to one another, as the Forces of Gravity by which 
they are actuated; if they run out into ſimilar 
Arcs, in correſpondent Points, the Forces will al- 
ways have the ſame Ratio to one another; and 


indeed the Ratio of the Spaces to be gone thro”, 


(becauſe ſimilar Arcs are as the Lengths of Pen- 
dulums) which therefore will be run thro' in equal 


* 5; Times, * that is, e Vibrations will be perform'd 


in the ſame Time. N | 

If they be reduced to the ſame Length by 
changing one Pendulum, the Square of the Time 
of the Vibration of the Pendulum, that is 
changed, is to the Square of the Time of the 
Vibration before the Change (that is, to the 


Square of the Time of the Vibration of the Pen- 
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bird dulum that is not changed) as the Length of the 
Pendulum after the Change to its firſt Length: * 158 
which Lengths are to one another, as the Force 
of Gravity in the Pendulum that is not changed, 
to the Force of Gravity in the Pendulum that is 
changed. And therefore the Squares of the Times 16 
of the Vibrations zn equal Pendulums are to one 
another, inverſely, as the Forces of Gravity with 
which the Pendula are atted upon: which there- 
fore are to one another, directly, as the Squares 
| of the Vibrations perform'd in the ſame Time. 

But whence this Difference of Gravity ariſes, 
ſhall be explain'd hereafter, when we ſpeak of 
the Figure of the Earth. | 


it | C H A P. XX. | 

By Of P ercuſſion, and the Communication of. 
[UVV 
e; TL Very Body that is at Reſt, and hinder'd by 
oy no Obſtacle, may be puſh'd forward by 


any other Body in Motion; and, when once it is 
re WW put in Motion, it will continue in it, till it is 
% | hinder'd by ſome external Cauſe. * That Cauſe is * 124 
ar MW ſometimes a Stroke of another Body againſt it, 
or a Stroke which itſelf gives another Body; or 
d I laſtly a Stroke of both meeting. ha 


7 The Laws, to be obſerved in that Percuſſion, are 
- WM here to be explain'd. ˙3ů RS 
] All Bodies, here taken notice of, are ſuppoſed 


2 © ſpherical ; becauſe the Laws of Motion ought to 
be examin'd in the moſt ſimple Caſe. 
DEFINITION I. 

A Body is ſaid to impinge directly againſt ano- 166 
ther, or two Bodies to ſtrike or impinge againſt 
one another, en the Direction of the Motion, or 
Motions, (if both are moved) goes thro” the Cen- 
ters of both Bodies. F 2 Dx I- 
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DrINITION II. 


16) In all other Caſes the Stroke is ſaid to be ob- 
tique. When elaſtic Bodies impinge againft one 
another, the Parts that are ſtruck yield inwards, 
and, by the Reſtitution of the Parts, the Bodies 
repel one another, and are feparated from one 
T | | 

168 In Bodies that are perfectly ſoft, or perfectly 
Bard, there is no ſuch Action; and therefore, 77 
a direct Stroke they are not ſeparated after the 


169 Blow, becauſe after their meeting, as well as be- 


fore, they are moved in the ſame Line; for no- 
thing happens that can change the Direction. 
1 ſhall in this Chapter ſpeak of the Percuſſion 
of Bodies that are not elaftic, and here, as alſo 
in the whole following Chapter, I ſhall ſpeak of 
direct Percuſſion; and confirm the Whole by Ex- 
periments made with the following Machine. 


170 ABC is a vertical Plane of Wood almoſt tri- 


angular, about 4 Foot and a Half high, and 3 


Foot wide at the Bottom. Plate IX. | 
In the upper Part there is a Slit s 7 quite thro” it, 
which is horizontal, along which two ſquare Pins 
(and ſometimes more) are moved; theſe Pins, ha- 
ving a Shank that goes thro' the Plane, may be 
made faſt in any Part of the Slit by Screws which 
take the Shanks behind the Plane or flat Board, as 

may be ſeen from the Figure of the Pins at V. 
A Hittle ſquare Pipe of Iron X flips on upon 
each Pin, and may be faſten'd to it by a little 
Screw e, in the upper Part of any Place of the 
whole Length of the Pin. Theſe little Pipes have 
Hooks in the under Parts, thro' which ſmall 
Threads or Fiddle-ſtrings run, and ſuſtain fuch 
Balls as P and Q. Thoſe Strings go round the 
wooden Keys /, /, by turning which, the Balls are 
rais'd or lower'd. 
The 
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The Pin, from which any Ball hangs, is fix*d 

to ſuch a Part of the Slit 5s 7, that its Center is 
diſtant from the Line A'D (which divides the 
Machine into two Parts vertically) juſt one Se- 
midiameter of the Ball; and that is to be done 
for all the Balls, by means of Marks in the Sur- 
face of the Board. 
Ihe little Pipe and Hook, from which the Ball 
hangs, is fix'd to ſuch a Part of the Pin, that the 
Thread hangs but a little farther from the Surface 
of the Board than a Semidiameter of the Ball : 
There are Diviſions in the Pins, to determine the 
Place of the Iron Pipes upon the Pins, according 
to the Bigneſs of the Balls. | 
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When you uſe two Balls, the Line A D ſepa- 


rates them, and in that Caſe (as alſo when ſeveral 
at once are made uſe of) if they are of different 
Bigneſs, the great Ball always determines the Di- 
ſtance of the little Ball from the Board ; and the 
little Pipes are fix'd at ſuch Diviſions of the Pins, 
that the Centers of all the Balls may be equally 
diſtant from the Board. The Keys J bring all 
thoſe Centers to the ſame Heights; which is to 


be obſerv'd in all the Experiments. 


There are two Braſs Rulers E G, E Fo which 
ſlide horrizontally in the Board, whoſe Surface is 
hollow'd to receive them, ſs that their Surface 
may lie even with it. Behind each Ruler there 
is a Slit in the Board of about 5 Inches, to tranſ- 
mit a Screw coming from the Backſide of the 
Ruler, which is fix'd behind a Nut in any 
Part of the Slit. In making Experiments, the 


End G of each Ruler is diſtant from the Line 
AD, one Semidiameter of the Ball, which hangs 


on the ſame Side. | | 
Theſe Rulers are ſo divided as to ſhew equal 

Angles, run thro' by the 'Threads which carry the 

Balls. "27 
2 F 3 Tg 
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To meaſure thoſe Angles in making the Expe- 
riments, there are four Indices, two great ones 
MM, and two leſs NN. | | 

Theſe Indices, ſliding in a Groove, are moved 
along the Slits or, or, and are faſten'd behind 
the Board, where you pleaſe, in the ſame Line 
by Screws. 'The longer Indices reach to the 
Edge of the Board, tho' the Slits want about 
3 Inches of it. „ | 

The ſeparated Figure M repteſents the greater 
Indices, in which à h is a Plate, which flides in 
the Groove of the Board; c 4 is the Index, per- 
pendicular to that Plate, and about 3 Inches 
long. | | 
T he other ſeparated Figure N repreſents one of 
the leſſer Indices, whoſe Length is equal to the 
Semidiameter of the ſmaller Balls, which are ap- 
plied to the Machine, and whoſe Diameter may 
be about 1 Inch and a Half: 'Theſe Indices are put 
among the great ones, becauſe they don't hinder 
the Motion of the Balls : Sometimes the two ſmall 
ones are put in the ſame Slit, when three Angles 

are to be meaſured on one Side. 3 0 

In that Caſe the Ball Q is raiſed up, or riſes 
after its Fall towards the Side of the Board B. 
That the Index may be placed right for mea- 
ſuring that Angle, the End G of the Ruler E G, 
which is on the Side B, muſt be joined with the 
End & of the other Ruler, placed as above-men- 
tioned. 3 | 

'The three Iron Screws FFF ſerve to ſet the 
Machine or Board truly vertical, ſo as to bring 
the Line A D perpendicular to the Horizon ; 
which may be eaſily done by hanging on any one 
of the Balls, and putting on one of the great 
Indices; ſo that the Thread, cutting any Mark\on 
the Index, may hang parallel to the Line A P. 


For 
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For making Experiments on Bodies that have 
no Elaſticity, you muſt uſe Balls of ſoft Clay, 
made in the wooden Mould L. 

This Mould conſiſts of five Parts, four of 
which may be ſeen at H, H, H, H ; theſe, being 
join'd, contain a ſpherical Cavity of an Inch and 


2 Half Diameter, with a Hole in the lower Part: 


there is a Screw on the Outſide, by which they 
are preſs'd together by means of the Ring 1, that 
has a Screw on the Inſide. 

L repreſents all the Parts join'd together ; 


there is a Hole in v, which has a Communica- 


tion with the Inſide of the Mould : thro' this 
Hole muſt go a Thread, which lies irregularly in 
the Clay, almoſt thro* it. Before you put the 
Clay into the Mould, you muſt anoint the Inſide 
of it with Oil; then, when all the Parts have 
been join'd and preſs'd together by ſcrewing on 
the Ring, take them aſunder again, and you will 


find a ſmooth and round Clay Ball, to the Thread 


of which you may faſten another 'T hread, and 
immediately hang it upon the Machine. | 

The Experiments, relating to elaſtick Bodies, 
are made with Ivory Balls. You muſt have fix 
{mall ones, of an Inch and half Diameter. Be- 
ſides thoſe, one of double the Weight, another 
of three times the Weight, and a fourth of four 
times the Weight. | 

In the 11th Experiment of the following 


Chapter, the ſix equal Balls above-mentioned 


are hung on to the Machine at the ſame Time, 
ſo as to touch one another. And this is done 
(ſee Fig. Z) by means of the Plate 2 u, which 
is fix'd to the Machine by Help of the Screws 


9 q, which go thro' the Slit sf. This Plate con- 


tains four Pins, p, Pp, PO P, in whoſe Ends are 
Holes, thro* which the Threads paſs that carry 
the Balls. The Threads are brought to a-pro- 

- 1 4 per 
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per Length, and ſtaid by the Keys I, /, /, J. The 
two other Balls hang from the two Pins V, al 
ready deſcribed. 
To make the 13th Experiment of the next 
Chapter, there muſt be three ſuch Pins as V. 
In this Machine the Percuſſion of the Balls, in 
the loweſt Part of it, is always direct ; and the 
Balls (whether you let them go from different 
Heights, the fame Way or contrary Ways) will 
* 155 always come to the Bottom at the ſame Time; * 
and ſo in that Caſe the Percuſſion is always di- 
rect; the Celerities at the Bottom are mark'd 
* 159 by the Diviſions of the Rulers EG, EG; * for 
in Arcs no greater than ſuch as the Balls deſcribe 
in this Machine, the Ratio between the Arcs 
and Chords does not ſenſibly differ. The Heights, 
from which the Balls are let fall, determine the 
Celerities before the Stroke ; and the Heights, to 
which the Balls riſe, their Celerities after the 
14 Stroke. | 
W All, that relates to the Percuſſion of Bodies nat 
_ may be referr'd to the four following 
Cates. | | 


171 Caſe 1.] If one Body ſtrikes againſt anoiher Body 
that is at reſt, both together will continue their Mo- 

 * 168 ion in the ſame Directiom as the firſt Motion; * and 
e theQuantity of Motion, in the two Bodies, will be the 
ſame after the Stroke, as in the ſingle one before it. 

For the Action of the Body in Motion, upon 

the other, communicates to it all the Motion 

that it acquires ; now the Re-action of this laſt 

in the firſt retards its Motion ; and as Action 
„and Re-action are equal, * therefore the Quanti- 

ty of Motion, acquir'd by one Body, is equal to 
the Quantity of Motion loſt by the other ; and 

ſo the Quantity of Motion is not changed by 
i a 


—_ — —— — 


U 
e 
. 


— — 


— 


=D ons — 0 — ͥ —Ü— — 
2 . —— — —̃— 


4 
—_C ___ _—__ 
— — — — . — — — 
7 — —ͤ—H—— 


r 


1 
til mri mrirfiefer| call Ihn 


—ͥͤäͤ ͤf— —ͤ— 
—ͤ̃ — —— :D!!! 
— ä ſwü.——— — 


Z S ,, YM 
. ³ U — . SL LLLLSS SS LH 


—— — 


4 } T 2 > 2 


% 
+> 


4 : - - — — ä⁊T—— K . ee OR \ 


* 


**. Able  ooennt 


—W _ = 


| WIGHT: 


— ——  — 


— — — 


— ————— 


———— — 
— ——— — ———— —*˙ Ut ˙⅛ꝛ Une ——— — _ 
f 
/ 
Q \ 
\ \ 7 5 
\ / 
N p 5 ' 4 
\ 
\ / 
28 
— —_ ——— 
— TT —ꝙ⏑—ð ———————— 


— — 


— Ä 
— <> ern en 


— — — — 


ͤ— — ͤ—äb 
— ſ— YO 7˖‚—˙—³ ̃7˙ ͤ ! ——— 


— — 
— 
—— 
— 


— — — I I Ir ES ES ne ons 


off 1 — > 


* ee 


"110 


> 
Q 


Nl \ 


* 


| 


GT 


if 


TIF 


— 


— 
—— 


— — — — 
— ——— —Eöũä 


— —— — — 
— — — _ - 


— — 


— — — — — — — 


27 
= 


HY 


aum 


. % ͤ˙w]⅛:N iQ !, wuü ̃ i. 1—ỹ,̃—Ã 
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Quantit 7 of Motion is found by multi- 
0 2 — Maſs of the firſt Body by its Veloci- 
ty; * and dividing that Quantity 7 the Maſs of 64 
both Bodies, you will have the Velocity after the 
Stroke. 

For Example, take two equa] Bodies, in each 
of which the Quantity of Matter may be ex- 
| preſs'd by One; let the Velocity of the moving 
Body be Ten, the Quantity of Motion will alſo 
be Ten, which muſt be divided by Two, the 
| Maſs of both Bodies, and Five, the Hee Bod of 

the Diviſion, will be the Celerity of the Bodies 
after the Stroke. 


Experiment 1.] Take the two ſoft Clay Balls 

P and Q, and hang them upon the Machine of 
Numb. 110. See Plate X. Fig. 1, 
Let fall the Ball P from the Height anſwerable 
to the tenth Diviſion of the Ruler E &, ſo that 
it may ſtrike againſt the Ball Q, which is at 
reſt; after the Stroke they will both move toge- 
ther, and riſe up on the other Side to the fifth 
Diviſion of the other Ruler E G; The reſt of the 
Experiments in this Chapter are made with the 
ſame Sort of Balls, | 


Caſe 2.] I one Body ſtrikes another that moves 112 
the [ame Way, but ſiower, they will both continue 
their Motion in the ſame Direction as before ; and 
the Quantity of Motion, after the Stroke,will be the 
ſame as before, 

The Reaſon of this Propoſition is the ſame as 
that of the foregoing. 

In this Caſe the Celerity of the Bodies, after 
the Stroke, is determined by multiplying each 
Body by its Celerity, the Products of which 
| Multiplications will give the Quantities of Mo- 


tion in each Body; * by collecting them into one 6 
Sum, 
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Sum, you have the Quantity of the whole Mo. 
tion ; which if you divide by the Maſs of both 
Bodies, the Quotient will be the Celerity re- 
quired. 


Experiment 2. 1 Take the equal Bodies P and Q 


(Plate X. Fig. 2.) and let them go towards the 
fame Side, P with the Velocity 10, and Q with 
the Velocity 6; as the Maſs of each Body i is 1, the 


* 63 Quantity of Motion in both together will be 16;* | 


whice if you divide by 2, the Maſs of both Bo- 
dies, the Quotient will be 8; and the Experi- 


ment will ſhew the Velocity to be anſwerable to 
this. 


173 

: ties of Motion, are carried towards contrary Sides, 

the whole Motion will be deſtroyed by their NE. 
and the Bodies will be at reſt. 

The Bodies are not ſeparated after the Stroke, | 
and the Line in which they move cannot be 
169 changed; but that they may continue to move 

in the ſame Line, it is required that one Motion 
mould overcome the other, which implies a Con- 
so tradiction.“ 


* x68 


Experiment 3. Plate X. Fig. 3.] Let two equal 
Bodies P and Q fall from contrary Sides with 


equal Velocities, and as ſoon as they meet they 
will be at reſt. 


Caſe 4.] To Bodies moved with different Vely- 
cities contrariwiſe, after having ſtruck one another, 
will both together continue their Motion in the [ame 
Direction, towards that Side where there is moſt 
Motion ; and the Quantiry of Motion, after their 
meeting, 7s equal to Their Difference C Motion be- 


T he 


fore the Stroke. 


Cafe 3. IVhen t e with equal Quanti- 
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The greateſt Motion overpowers; therefore 
the Bodies muſt be carried together the Way that 
that Motion is directed; “ and a Body, which * 168 
has a leſs Quantity of Motion, is carried in the 7% 
ſame Line (but in a contrary Direction) as be- 
fore the Stroke ; for this it is required that, by the 
Action of one Body, the whole Motion of the 
other be deſtroyed, which cannot be done, unleſs 


that Body by the Re- action loſes an equal Quanti- 


ty of Motion; there remains therefore only the 


Difference of the Motions. 

Multiplying the Maſs of each Body by its Ce- 
lerity, we have the Quantities of Motion; the 
leaſt of which muſt” be ſubſtracted from the 
oreater to have the Difference of the Motions ; 
which Difference, if it be divided by the Maſs of 
both Bodies, will give the Celerity after the 


meeting of the Bodies. 


Experiment 4. Plate X. Fig. 4.] Let the Body 

be moved with the Celerity 14, and an equal 
Body P in a contrary Direction with the Celeri- 
ty 6; after meeting, the Body Q continues its 
Motion, and carries along with it the Body P 
with the Celerity 

Becauſe of the Equality of the Bodies, the 

uantities of Motion will alſo be 14 and 'P * * 63 
and their Difference is 8; which Number being 
divided by 2, the Maſs of both Bodies, the Quo- 
tient 4 will be the Celerity after the Stroke. 


DexiniTtioN III. 


We call Relative Celerity, that with which one 175 
Body is carried towards another, or with which two 
Bodies are ſeparated; in Motions directed the 
ſame Way, it is the Difference of the Celerities of 
the Bodies ; and, in contrary Motions, it is the 
Sum of the Celerities. * 


In 
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176 Tn the Congreſs of Bodies, the Stroke is propor- when 
tional to that Relative Celerity. For the Force of termit 
Bodies, ſtriking againſt each other, is increaſed or 
diminiſhed, according to the Celerity with which 
two Bades come towards one another. 


CHAP. xx! 
Df: the Conpreſs of Elaſtic Bodies. 


N Elaſtic Body, whoſe Figure is changed 
by any Force, will, when the Action of 

that Force ceaſes, by its Elaſticity or Spring, re- 
* 44 turn to its firſt Figure. * 


DEFINITION. 


A Body has perfect Elaſticity, when. it returns 
to its firſt Figure, with the ſame Force with which 
it was preſs'd in. 

178 In that Caſe, the Stroke, ariſing from the Refti- 
tution of the Spring, i 7s equal to the Stroke by which 
the Figure of the Body was alter'd. | 

In this Chapter we ſuppoſe this Sort of Elaſti- we 

city, tho' we know no Bodies perfectly elaſtic: Þ in tl 

in different Bodies, the Force by which the Parts fol 

return to their former Figure is very unequal ; 7 
for which Reaſon we can give general Rules only, 


concerning perfect Elaſticity; the nearer Bodies 4 
approach this Elaſticity, the more exactly * eac, 
their Motion agree with theſe Rules. of . 


The Experiments, that we ſhall mention in Bo 
this Chapter, are to be made with the ſame Ma- be 
190 chine * that the Experiments of the laſt Chapter he 
were made with; and here we are to uſe Ivory Balls, 
ſuch as are mention'd in the Deſcription of | 
the Machine; for the Want of perfect Elaſti- F 
ny and the Reſiſtance of the Air, do not make || ©** 

nſible Error in the Experiments; which 10 #0 
WHEN 


2 
4 
2 
3 
l 
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when Neceſſity requires, may be corrected by de- 

termining the Difference ariſing from it. 
Which Way ſoever two Bodies ftrike againſt 

each other, the mutual Actions of the one againſt 


7 


the other are always equal *. By that Action 126 
the Parts of Bodies are puth'd inwards, and that 


with equal Force in both Bodies; by their Elaſti- 
city alſo they return with equal Force to the 
firſt Figure. The Action of Bodies upon each 
other, from their Reſtitution by their Spring, is 
equal to the firſt Action from the Stroke ; * 


* 11 


whence: it follows, that the Action of Bodies upon 179 


each other is double in elaſtic ones; that is, double 


in reſpect of each Body conſider d ſingly, becauſe of 


the Equality of the Action in each. The Change 
therefore, which. in that Caſe is produced in the 
Motion of each Body.by the Stroke, is donble that 
which the Stroke would by the ſame Motion produce 


in Bodies that have no Elaſticity; and as, in reſpect 


of theſe Bodies, the Change (both in reſpect to the 


Quantity of Motion, and in reſpect to the Cele- 


rity) is determined in the foregoing Chapter ; 
we may alſo determine what the Change will be 
in thoſe, that is, in elaſtic Bodies: In which the 
following Rules are to be obſerv'd. 


. 


"When Bodies that are not elaſtic ftrike againf | 


each otber, if one Body acquires a certain Quantity 
of Motion, it would require twice as much, if the 
Bodies were elaſtic ; and this double Quantity is to 


180 


be added to the firſt Motion, in order to determius 


the Motion after the Stroke. | 
"Ot KR UE RB Tt 
I ben two Bodies that are not elaſtic frike againſt 
each other,if one Body loſes a certain Quantity of Mo- 
ton, it would loſe twice as much, if the Bodies were 
| | Hl Aſtic 5 
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Experiment 1. Plate X. Fi 70. 5.] Let the Body 

P, whoſe Maſs is 2, and Celerity 9, ſtrike againſt 

Q a Body at reſt, whoſe Maſs is 1; after the 
Stroke Q moves with the Velocity 12, and P 
continues its Motion with the Velocity 3; 
Which agrees with the former Rules: For if the 
Bodies were not elaſtic, the Celerities of both af: 
* 171 ter meeting would be 6;'* and ſo the Body Q 
would acquire 6 Degrees of Velocity, wy. 'by 

* 180 Rule I. * therefore it muſt acquire 12 Degrees; 
the Body P loſing 3 Degrees of Velocity, by the 

* 18: Rule II. muſt loſe 6, which if you take from 9, 
the former Velocity . chere remain 3 1 ” 

Tn 3.3 Te. aft 


| Aegoriment 2. Plate X. Pig. 67 If the Body 
P whoſe Maſs is 2, and Velocity 8, ſtrikes the 
Body Q, whoſe Maſs is 1, and which is carried 
the ſame Way with the Velocity 5; after the 
Stroke the Body e with the Velocity 9, 
and P with the Velocity 6; which again might 
have been determined by the foregoing Rules. 

If the Bodies had not been elaſtic, both would 
have moved after the Stroke with the Celerity 
* 1727: * the Body Q would acquire 2 Degrees of Ce- 
lerity, which by Rule I. muſt be doubled, and 

added to 5, the firſt Celerity, which gives us 9 
The Body P loſt one Degree of Velocity, and by 

" Rule II. it muſt loſe 2, therefore it has 6 left; 
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elaſtic ; and that double Quantity muſt be ſubſtratt. 
ed from the firſt Motion, in order to determine the 
Motion after the Stroke. 
What is ſaid of Motion muſt alſo beunderſtood 
of Velocity; becauſe in the ſame Body the Mo- 
sz tion is proportionable to the e *, . 


22741 
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Fs hen a Body loſes its whole Motion, and acquires 182 
a Motion the contrary M. ay, thoſe two Motions muſt 
he collected into one Sum, in order to have the Mo- 
tion that is loft. | 
When the Quantity, which is to be ſubſtradfed by 
Rule II. exceeds the Quantity of Motion before the 


| Stroke, from which it muſt be ſulſtractid, that whole 


Quantity of Motion is deſtroyed, and what remains 
(that is, its Difference from that which it ſhould 
have been ſubſtracted * gives the Motion the 
contrary Way. | 


Experiment 3. Plate X. Fig. 74 Let the Body 
P ſtrike with the Velocity 12 againſt another Bo- 
dy Q, which is three times as heavy, and at reſt, 
and it will: return with the Velocity 6. In this 
Caſe, Bodies not elaſtic would move with the Ce- 
lerity 3, therefore the Body P would have loſt 9 
Degrees of Velocity, but by Rule II. * it muſt * 1 
loſe 18; which if you ſubſtract fron the former 
Velocity 12, you have 6 Degrees ti ie contrary 
Way by Rule III. * In this Manner may be de- 18 
termined, by the following Experiments, what is 
laid down i in the Rules. | 


 Beperiment 4. Plate XR. Fig. 18 J La? we Body 
P be carried with the Velocity 19,the ſame Way 
as Q, that is three tima as heavy, and move 
with the Velocity 3; after the Stroke: the a, 
returns with the Velocity 5. | 


Experiment 5. Plate X. Fig. 9.] Let che two 
Bodies P and Q come towards one anot her with 
equal Quantities of Motion; after the Sti oke both 
will return with the ſame. Celerities wi th which 
they come upon each other, Dong 
Expe- 
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Experiment 6. Plate X. Fig. 10.] Let P with 
the Velocity 3, and Q of triple the Weight, with 
the Velocity 11, move in contrary Directions; af- 
ter the Stroke, Q continues its Motion with the 
Celerity 3, and P returns with the Celerity 


19. 


Experiment . Plate X. Fig. 11.] Let the fame 
Bodies P and Q be carried in contrary Directions, 
P with the Celerity 16, and Q with the Celerity M 
8; both will be reflected after the Stroke, P with 
20, and Q with 4 Degrees of Velocity. 

All the Caſes of the Percuſſions of elaſtic Bodies 

may be determin'd by the Rules above mention'd ; 

the following remarkable Obſervations ate alſo de- 
duced from them. 

183 hen the Bodies are equal, and move the ſame 
May, they coutinue their Motions, interchanging 
their Velocities ; if they move contrariwiſe, then 
they are reflefted from each other, likewiſe inter- 
changing their Velocities. | 


= 1. Plate XI. Fig. 1.] Let the Bodies move 
the ſame Way, and let AB be the Velocity of | 
one Body, and B C the Velocity of the other; 

the Velocities here are as the Quantities of Mo- 

* 6ztion. * Let the Line A C be divided into two 
equal Parts at D, and let D be equal to DB; 

A D or DC gives the Celerity of each Body af- 
* 172 ter the Stroke, if they are not elaſtic; * ſo the 
Celerity B C is increaſed by the Quantity D B, 

but as it muſt be doubly increaſed becauſe of the 

_ * 180 Elaſticity, * it will become C: the Celerity 
A B, in Bodies not elaſtic, is diminiſhed by the 
uantity, DB; but it muſt be diminiſhed. by 
double that Quantity, for the Reaſon above men- 

* 181 tioned ; and therefore it will now Oy b. 
| There- 
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Therefore the Velocities AB and B C are chan- 
ged into the Velocities A and h C; but AB 
and / C, as alſo B C and A, are equal to one 
another. | 


Experiment 8.] Let two equal Bodies P and 85 
the firſt with the Velocity 10, and the other wit 
the Velocity 5, be carried the ſame Way; they 
will continue their Motion after the Stroke, inter- 
changing their Velocities: Which alſo agrees 
with the Computation by the foregoing Rules. 


Caſe 2. Plate XI. Fig. 2.] Let A B be the Cele- 
rity of one Body, CB the Celerity of the other; 
let the Difference A C be divided into two equal 
Parts at D, and let A & be equal to C B. When 
the Bodies are not elaſtic, the Velocity of each of 
them, after the Stroke towards the ſame Side, is 
AD; * therefore the firſt Body has loſt the Velo- *174 
city D B, and the other has loſt the whole Velo- 

city C B, and acquired D C the contrary Way; 
therefore the whole Quantity loſt is alſo DB; #* *:3 = 
if this Quantity be doubled, it will be & B, the 
Quantity of Celerity loſt by both Bodies; * the 181 
Difference of that Velocity with the Velocity of 
each Body, does in each Body give a Velocity 

the contrary Way; * that Difference for the Mo- 8 
tion A B is Y A, and for the Motion CB is C5; 

but C4 and AB, as alſo A and C B, are equal 

to each other. | 


Experiment 9.] If the equal Bodies P, with 
the Celerity 10, and Q with the Celerity 5, are 
carried contrariwiſe, they will both be reflected af- 
ter the Stroke, interchanging their Velocities. 

When an elaſtic Body ſtrikes another equal to it 184 
that is at ref, that theVelocities may be changed, 


the percutient Body will be at reſt after the Stroke, 
G and 


82 


ter the Stroke P, Q, 
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and the other will go on with all the Velocity of 
the Percutient : Which is confirmed by 


Experiment 10.] Let the Body P, with the Ve- 
locity 10, ſtrike the Body Q which at reſt ; P 
will be at reſt after the Stroke, and Q will go for- 
ward with the Velocity 10. And this ſerves to 
explain the following 


Experiment 11.] 1/}, Let ſeveral equal Bodies 
P, Q, R, 8, T, V, (Plate XI. Fig. 3.) be placed 
in the ſame Line, and touching one another; if 
the Body ſtrike againſt Q with any Velocity, at- 
R, 8, and T, will remain 
at reſt, and V only be moved. | 
2aly, Let P and Q move with equal Velocities, 
ſo that Q may ſtrike againſt R ; after the Stroke 
P, Q, R, and 8, will be at reſt; but T and V 
will move forward together. 8 
34ly, If Three are let go together, they will al- 
ſo ſtrike off Three. | 


„ 
* 


4 ly and laſtly, If P, Q, R. and 8 be moved at 


once, ſo that 8 ſtrikes T, after the Stroke P and 


184 


Q will be at reſt, and R, S, T, V will move to- 
gether. In general, let the Numbes of Balls be 


what it will, how many ſoever move on before 


the Stroke, ſo many alſo will move off in the 
ſame Direction after the Stroke. 5 
In the firſt Caſe, the Body P (Plate XI. Fig 3.) 
ſtrikes Q, and then is at reſt, * Q ſtrikes R, and 
is alſo at reſt after the Stroke; and ſo it happens 
to the others, till at laſt 'T ſtrikes V, which, ha- 
v_ no Obſtacle to ſtop it, does alone continue 
in Motion. 8 | | | 
In the ſecond Caſe, the Body Q (Plate XI. 


Fig. 4.) does in the ſame Manner drive forward 


the Body V ; P immediately follows, and ſtrikes 
Q, which, on account of the firſt Stroke, was 
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at reſt, but now communicates its new Motion 
forward to T, (in the Manner above-mentioned) 
which is not able to ſtrike V, that is already in 
Motion; and as the Motions of P and Q are 
I equally ſwift, and thoſe Bodies follow one another 
very cloſe, there is no ſenſible Time between 
thoſe two Communications of Motion ; which is 
the Reaſon that the Bodies V and T are moved 
equally ſwift, and not ſeparated from each other. 
Te relative or reſpective Velocity, with which 185 
two elaſtic Bodies whatever recede from each other 
after the Stroke, is the ſame as the reſpective Ve- 
locity with which the Bodies came againſt one auo- 
. | | 
If the Bodies were not elaſtic, they would 
jointly continue their Motion; * and in that Caſe, * 63 
by the Action of the Bodies upon each other, 
the whole reſpective Celerity, by which they 
come to one another, is deſtroyed ; the Action 
from the Reſtitution of the Spring is equal and 
contrary, * and therefore it muſt generate the *:78 
ſame reſpective Celerity, with which they recede 
from each other. Let the Inequality of the Bo- 
dies be what it will, nothing is changed thereby, 
becauſe of the Equality of the and ſecond 
Action upon each Body.“ 5 
The Quantity of Motion towards the ſame Side, 1 86 
or the ſame Way, is the ſame after as before the 
| Stroke. 7 4 
For Bodies that are not elaſtic, this Propoſi- 
tion is proved in all Caſes; “from when the Mo- 171 
tions do not conſpire, the contrary Motion muſt , 
be ſubſtracted from the Motion one Way, in or- 5 
der to determine the Motion that Way. By the 
Reſtitution on account of the Elaſticity, equal 
| Quantities are generated towards each Side, "29 
by which the Quantity of Motion towards one 
Side is not changed. Theſe two laſt Propoſitions 
L 756 G 2 are 
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are fully confirmed by the above-mentioned Ex. 
periments. N 

When a ſmall Bodyſtrikes againſt another great. 
er Body, which is at reſt, the great Body acquires 
a greater Quantity of Motion than the ſmall one 
had before the Stroke. 

TheQuantity of Motion, acquired by the great 


Body, is double the Quantity which the little one 


would loſe, if the Bodies had no Elaſticity ; but 
in that Caſe, the little Body would loſe more 
than Half its Motion *. 


Experiment 1 2. Plate XI. Fig. J.] Let the Bo- 
dy P, with the Velocity 15, (which Number al. 
ſo does here expreſs the Quantity of Motion) 
ſtrike the Body Q, which weighs four Times as 
much, and is at reſt; the Body Q acquires the 
Velocity 6; * that is, 24 Degrees of Motion 
But the Body P returns with 9 Degrees of Velo- 
city; and ſo the Quantity of Motion, towards that 
Way where P was firſt directed, continues to be 
SY 


The Motion is more increaſed in the Body 8 
eſs 


by the Interpoſition of a Body of mean Bign 
between the Bodies P and (Q. 


Experiment 13. Plate XI. Fig. 8.] Let there be 
the two Bodies P and Q before- mentioned, and 
between them the Body R double the Body P; if 
the Body P, with 18 Degrees of Velocity, comes 
upon R which is at reſt, it will communicate to it 


12 Degrees of Velocity; * with which if this Body 
ſtrikes upon 


that is at reſt, it will communi- 


| cate to it the Celerity 8, that is 32 Degrees of 


Motion ; but in this Experiment, becauſe of the 
double Percuſſion, the Error, ariſing from the 


Want of perfect Elaſticity, is more ſenſible than 


in the others, where there is but one Percuſſion, 


and 


9 
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and ſo the Quataity of Motion, acquired by the 
Body Q, is about 30. 7 5 5 | 
The greater the Number is of unequal. Bodies, 189 
which are interpoſed between two Bodies, if the Maſ- 
ſes always increaſe from the firſt tothe laſt, ſo much 
the greater will the Quantity of Motion be in the 
greateſt ; and it will be the greateſt of all (the Num- 
ber of Bodies interpoſed remaining the ſame) when 
the Maſſes of all the Bodies increaſe in a Gcome- 
trical Progreſſion.” 
Tho* the Quantity of Motion, directed the 
fame Way in the Congreſs of Bodies, whether 
elaſtic or not elaſtic, remains the ſame, the Quan- 
tity of the Motion itſelf does not always remain 
the ſame, but is oftendiminiſh'd, * and alſo often 173 
increaſed ; * ſo that there is no Reaſon to ſay, 187 
that there is always the ſame Quantity of Motion 


inthe World. 


nA. XOX. 
Of compound Motion, and oblique Percuſſion. 


A Body in Motion may be acted upon by a 
new Force, and driven according to ano- 
ther Direction, in that Caſe the Change of Mo- 
tion follows the Proportion and Direction of that 
Force: * And as the firſt Motion is not deſtroy'd * 225 
by that Action, from theſe two Motions a third - 
ariſes, according to a new Direction. 

Let the Body P (Plate XI. Fig. 9.) be driven 190 
by any Force, according to the Direction PC, and at 
the ſame time let it be driven by another Force, ac- 
cording to the Direction PB; and let the Celeri- 
lies, ariſing from thoſe Forees, be as thoſe Lines PC, 
P B. In order to determine what will happen, let 
the Parallelogram PB AC be compleated, by draw- 
ing the Lines BA, C A, parallel to the Lines 


above- mention d; let P A be the Diagonal of 


G 3 that 
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that Parallelogram. Let the Body be ſuppoſed 
by the firſt Force, that is, with the Celerity P C, 
to deſcribethe Line P C, and let that whole Line 
be carried along in the Direction, and with the 
Celerity PB; when that Line is come to h a, the 
Body will be at p, ſo that P will be to P B, a; 
b p to b a, or A B, that is, it will be in the Dia. 
gonal P A, and ſo always. When the Line PC 
is at B A, the Body will be at A ; therefore fron 
a Motion compounded of the two Motions above. 


mentioned, there ariſes a Motion along the Diago. iſ 


nal PA, whoſeCelerity is proportional tothe Lengil 
of the Diagonal; * for the Diagonal will be rw 
thro' in the ſame Time by the Body P with | 


compound Motion, as the Line PB or PC woul( 


have been gone thro? by the ſame Body, by on!) 
one Motion; that is, acted upon by one of the 
Forces. | 

To confirm this Propoſition experimentally, 
we muſt make uſe of the following Machine. 


191 It conſiſts of two Boards, or wooden Planes, 


firmer, In the Center of the upper Hinge A, 


CDE, CDE, (Plate XII. Hg. 1.) of the Figure 


of a right-angled Triangle, whoſe Side CD is in 


Length about 3 Foot and a half, and the Side DE 
about 1 Foot and a half; theſe Boards are fixed ſo 


as to move in a vertical Situation about the 


Hinges A and B. . 
The Experiments upon this Machine are 


made with Ivory Balls of an Inch and a half Dia- 


meter. The Planes are ſo join'd, that if you 
conceive two other Planes to run parallel to 


them, at the Diſtance of a little more than a Se- 


midiameter of the Balls; the Lines, in which 


Theſe imaginary Planes interſect, ſhall be the Axis 
of their Circumvolution : Which is brought to 
paſs by the Contrivance of the Hinges, (Fig. 2.) 


whoſe Pares , b, are let into the Wood to be the 


there 
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| there is a ſmall Cylinder a, (Fig. 2.) in whoſe 
| Caſe there is a Hole, which meets another in the 
| Side, thro*' which the Thread 7h is to run; at 
one End of this Thread a Ball, as P hangs, and 
the other End is join'd to the Key J. By Help of 
the Screws P, E, P, E, F, this Machine is ſet per- 
| pendicular; ſo as to have the Thread + i hang in 
the Axis of the Machine. 

At m, m, there are two Pins fix'd to the two 
Planes, from which Pins the Balls Q, Q, hang, 
at ſuch a Diſtance from the Planes, that they may 
almoſt touch them ; ſo that if you ſuppoſe a 
Line to paſs thro” the Centers of the Balls P and 
Q, it ſhall be parallel to the Plane on that Side : 
beſides, it is required, that, when thoſe Balls 
hang at the ſame Height, they ſhall touch one 
another. | Fry LO 
The 'Threads which are tied to the Balls go 
thro* the Holes in the ſaid Pins, and are fix'd to 
the Keys /7, ſo that the Balls may be raiſed or 
let down eaſily, and have all their Centers brought 


in Ruler, or graduated Limb R, bent up in an Arc 
EF of a Circle, ſo as to have the Ball P riſe along it 
ſo in its Motion; and this Limb turns one of its 
he Ends on a Center, which is in the Axis of the 
Machine. 'This Piece of Braſs ſerves to ſhew to 
rl what a Height the Ball P aſcends. | 
a- Each Ball Q, when it ſwings, moves along the 
ul Plane to which it is applied; and the Height, 


from which it is made to fall, is ſhewn by an In- 


dex fixed to the Plane; to which End there are 
bY J four Holes in each Plane, containing equal An- 
isles, in reſpect to the Motion of the Threads. 


When the Ball „ fall from any Height, 


ol | 
it ſtrikes upon the Ball P, and drives it to the 
cl | fame Height in the ſame Direction.“ 


7 | + —_ 7 
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to the ſame Horizontal Plane. There is a Braſs 
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88 


192 


Book 1. 


Mathematical Elemente 


Experiment 1.] The Horizontal Section of this 
Machine is here repreſented, (Plate XII. Fig. 3. 
and 4.) the Body P may be driven by either of 
the Bodies O, with any Direction and Velocity. 
If the Bodies Q and Q are ler fall at the ſame 
time, the Body P has two Motions impreſs'd upon 
it at the ſame time, * and therefore runs in the Di- 
agonal Pp of the Parallelogram made in the 
Manner above-mentioned, * to expreſs thoſe two 
Motions, and runs up toan Height proportionable 
to the Length of that Diagonal. 

The Experiment anſwers very exactly, whe- 
ther the Balls Q and Q are let. fall from the 
fame Height, or from unequal Heights, and 
whatever the Angle be that is made by the two 
Planes, that is, by the Directions of the Mo- 
tions, whether the Angle be right, acute, or 
obtuſe. 4 22 | £50 
A Body moved any how in the Right Line 

P A, (Plate XI. Fig. Io.) may always be confider'd 
as acted upon by two Motions : and that as many 

Ways as you pleaſe; for you may draw as many 
different Parallelograms as you pleaſe, as P B 
AC,pbac, p ac, whoſe Diagonal is the Line 
above-mentioned ; and, in 6very one of them, if 
there be ſuppoſed two Forces acting in the Directi- 
ons PB and PC,from which the Celerities, which 
the Body would have, are as the Sides P B and 
P C, a Motion will always be produced by the 
Action of them both at once, which will give a 
Celerity proportional to the Diagonal. 

From this Refolution of Motion into two other 
Motions, may be determined the Motion of Bo- 
dies that ſtrike one another obliquely. 

Let Q (Plate XI. Fig. 11, and 12.) be at reſt, 
and P with the Direction and Celerity P A, 
itrike againſt it. When P is come to A, draw 
thro' the Centers of both Bodies the Line D B, 

and 
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this and then PB perpendicular to it, and compleat 
g. 3. the Parallelogram A BP C, the Motion along PA 
r of is reſolved into two others along P B and P C, 
city. or BA, C A: By the Motion in the Direction 
ame CA, the Body P does not act upon the Body Q; 
pon the Action therefore ariſes ſolely from the Mo- 
Di- tion in the Direction along BA, that is, the Bo- 
the dy P, I the oblique Stroke along PA with the 
two Celerity P A, acts upon the Body Q, in the ſame 193 
able Manner, as if it ſhould ſeriłe it directly along BA 
with the Celerity B A. And ſo the Motion of the 
Body Q from that Action, whether the Bodies be 
elaſtic or nat, is determined from what has been 
ſaid of direct Percuſſion. 
The Motion of the Body P(Plate XI. Fig. 11, 
and 12.) after the Stroke, is deduced from the 
| ſame Principle ; the Motion along C A is not 
changed; therefore by that Motion, with an equal 
Celerity, the Body P is carried in the Direction 
AE. Now let A E be equal to C A; the Change 
in the Motion B A is determined, in reſpect of 
the Body P, in the ſame Manner as the Motion 
of Q, by the two foregoing Chapters; let the 
Celerity of that Motion be A D, in Fig. 11. 
when the Body goes forward, and in Fig. 12. when 
it returns back; from that Motion, and the Mo- 
tion along A E, ariſes a compound Motion inthe 
Diagonal Ap, which, by its Situation and Length, 
he denotes the Direction and Celerity of the Body 
4 P after the Stroke.“ | 2 * 190 
MWhen Bodies are equal and elaſtic, the whole 19 4 
er Motion along B A is deſtroyed by the Percuſſi- 
o- on, * and only the Motion along C A is left, and 
the Body P alſo is carried in that Direction. In * 24 
t, that Caſe, both the Bodies do always fly from each 
by other in Directions that are at Rizbt Angles with 
w ene another,ubich Way ſoever the Body P comes up- 
3, en the ather Body. | 
| 


Expe- 
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Experiment 2. Plate XII. Fig. 5.) In the Ma- 
chine deſcribed Nu. 191. let the Ball Q and P 
hang ; having ſet the Planes at Right Angles, | 
let the Body Q with any Direction, and from any 
Height, come down upon P, and ſtrike againſt 
it: after the Stroke the Bodies will follow the 
Directions of the Planes, and riſe to Heights, 
which may be determined by what has been ſaid 


195 hitherto. 


We may alſo theſame Way determine the Mo- 
tion of two Bodies after the Stroke, when both 
Bodies are moved, which Way ſoever they come 
upon one another. 'The chief Caſes are repre- 
ſented in Plate XIII. and all them are explained 
exactly the ſame Way. 77, 

Plate XIII. Fig. 1, 2, 3, 4, 5, and 6.] Let the 
Body P be moved with the Direction and Cele- 
rity P A, and the Body Q, with the Direction 


and Celerity Q; draw the Line B, which 


goes thro' the Centers of both Bodies where 
they touch one another, and let CA and c @ be 
drawn perpendicular to the Line above-menti- 
oned, and let the Parallelograms PB A C and 
g* a c be compleated. The Motion of P is re- 
ſolved into two others, of which the Celerities 
and Directions are expreſs'd by C A, B A. The 
Motions, into which the Motion of Q is reſolved, 
are expreſs'd by ca, 6 a; by the Motions along 
C A and c a the Bodies do not act upon one ano- 
ther ; therefore theſe Motions are not changed, 
and after the Stroke are expreſs'd by A E and a e, 
which are equal to A C and ac; the Percuſſion, 
from the Motions in the Lines B A h a, is direct, 
and determined in the foregoing Chapters : Let 
the Body P move towards D, and its Celerity be 
A D, and the Body Q move towards d with the 


Celerity 44. After the Stroke therefore, the 


Motion 
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Motion of the Body P is compounded of the 
Motions along AE and AD, and moved in the 
Diagonal Ap. The Motion of the Body Q, 
after the Stroke, is compounded of the Motions 
along a c and a d, whence that Body is carried 
in the Diagonal a e; and the Lengths of thoſe 
Diagonals expreſs the Celerities of the Bodies 
after their Meeting. In the 1ſt, 2d, and 3d Figures 
the Bodies are ſuppoſed not elaſtic ; and in 
the 4th, 5th, and 6th, the ſame Baſes are put, 
ſuppoſing the Bodies elaſtic. There are ſome 
Letters wanting in the firſt Figure, becauſe the 
Points, which are marked with thoſe Letters in 
the other Figures, do here coincide with other 
Points, and are not neceſſary for determining the 
Motions. 


* 
& 


CHAP. XXIII. 
Of Oblique Powers. 


F H E Body P( Plate XIII. Fig. .) being dri- 
ven in the Directions PB and PC, with 
Celerities proportionable to thoſe Lines; from 
thence ariſes a Motion along P, the Diagonal 


of the Parallelogram PB A C, with a Celerity 
that is denoted by that Diagonal *; if there be a 190 


third Force acting along the Line P a, ſo that the 
Celerity ariſing from it be PA; by that Action 
the Actions of both the ſaid Forces are deſtroyed, 
and the Body comes to reſt: If the aforeſaid 
Actions continue, the Body will continue at reſt; 
which happens when the Body is drawn towards 
C, B and a, with the ſaid Forces pulling by 


at reſt, which is drawn by three Powers, that 
are toone another, as the Sides of a Triangle made 
by Lines parallel to the Directions of the F——_—_ 

7 | | This 


Threads. Whence it follows, That a Body will be 196 
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197 This Propoſition is confirmed experimentally, MW ** 
by the Machine repreſented in Plate XIII. Fig. 8. ced D) 
It conſiſts of a round Board of about 8 Inches Ii acts © 
Diameter, which is in a horizontal Poſition, and ee 
ſuſtain'd by a Foot: Round the Edge of it, _— 
within the Thickneſs of the Wood, is a Groove " 
whereby Pullies are applied at Pleaſure to any — 
Part of the Circumference; for each Pulley has a 
a Braſs Plate perpendicular to it, which fits into jade 
the Groove, when the Pulley is applied. See the : au 
Pulley with the Plate repreſented by F. hs 

The Board above-mention'd is a little hollowed _ 


in, in the upper Part, ſo as to receive a leſs or- 
bicular Board D F A, whoſe 'Thickneſs is about 
a Quarter of an Inch, and its Surface riſes a little 
above the firſt Board ; ſo that a 'Thread that runs 
over any of the Pullies, being extended horizon- 
rally, may juſt touch the ſaid Surface. 

You muſt have ſeveral of the lefler round 
Boards, for making different Experiments. 'They 
have Paper paſted upon them on both Sides, that 
the Lines (to be mentioned hereafter) may be the 
more eaſily drawn upon them = 


Experiment 1.] Let C be the Center of the 


ſmall Board, and let there be drawn upon it the 1 
Triangle A B C, whoſe Sides are to one another q 


as 2, 3, and 4: Let CE be parallel to the Side 
AB of the Triangle, and let the Side A C be A 
continued towards DP). e 
Now if there be three Threads joined together 
at C, and ſtretched over the Pullies faſtened to 
the greater Board, ſo as to be in the Lines CD, 
CE, and CB; if to the Thread C D you hang 
4 Pounds, to CE 3; and, laſtly, but 2 to the 
Thread C F, the Threads will not be mov'd, 
and the Knot remains over C; but, if it be 
mov'd out of that Point, it will not be at reſt. 
In 
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In this Propoſition any two Powers are balan- 


ced by a third, that is, act bur as one; which 


acts contrariwiſe in the Direction of that third. 
Therefore the Actious of two Powers may be re- 198 
duced to the Action of one. 8 

So, when a Point is drawn by four Powers, 
there will be an Equilibrium, if reducing two 
Powers to one, this new Power, with the other . 
two remaining, be in the Poſition of Numb. 196 ; 
that is, if thoſe remaining Powers being alſo 
reduced to one, the Power ariſing thence be 
equal with, and acts contrary to the new Power 
mentioned. 


Experiment 2. Plate XIII. Fig. 9.] The Point 199 
C is drawn by four Threads; towards B by the 
Weight of 1 Pound, towards F by 3 Pounds, 
towards E by 2 Pounds ; and, laſtly, towards 
D by 4 Pounds ; and this produces an Zquili- 
brium. Having drawn the Triangle C FE a, or 
the Parallelogram CF 4 E, the aboveſaid Pow- 
ers, drawing in CF and CE, are reduced to one 
that acts in the Direction Ca, with the Force of 
4 Pounds; and then the three Powers, drawing 
in the Lines CB, CD, C a, give us the Caſe 
of Numb. 196: And therefore if the Powers, 
drawing along CB and CD, be reduced to one 
drawing along CA, it will act in the ſame Di- 
rection, but pull againſt the Power pulling in Ca, 
and be equal to it. | 

What is here ſaid of the four Powers, might 
be ſaid of five or more; for of five, if two be 


reduced to one, we come to the laſt mentioned 


G | 


Experiment 3. Plate XIV. Fg. 1.] The Point 200 
C is drawn by 5 Powers, pulling by the Threads 
C A, CB, CD, CE, and CF; the Powers 
; = | | are 
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Actions of two other Powers, and that in num- 


the ſame. Thus in all Engines we can reduce a 
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are to one another as the Weight by which the 
Threads are drawn, and they have the ſame 
Proportion to one another as the Numbers that 
you ſee at the Pullies in the Figure, and you 
have an Æquilibrium. - 

The Powers, drawing in CB and C P, are re. 
duced to one drawing in CG. 

The Powers, drawing in CE and CF, may 
be reduced to one acting in CH ; which brings 
us to the Caſe of Numb. 196. Laſtly, thoſe two 
newPowers, drawing in CH and C G, are reduced 
to one acting in Ca, which are equal to the fifth 
drawing along C A, and pulls in the ſame Line, 
but contrariwiſe. 5 

Beſides this, we deduce from the Propoſition 
mentioned Numb. 169, that the ſame Thing may 
be ſaid of the Action of the Power, which has been 
ſaid concerning Motion in the foregoing Chap- 
ter; * namely, that it may be reſolved into the 


berleſs Manners, becauſe Triangles of numberleſs 
Kinds may be made, tho' you keep one Side ſtill 


Power, that acts obliquely, to a direct one; and 
can determine the Proportion between a direct 
and an oblique one: Which will appear by the 
following Examples, that are confirmed by Ex- 
periments. 


Experiment 4. Plate XIV. Fig. 2 and 3. To the 
Lever A B, whoſe Brachia are equal, apply at B 
the Weight P of two Pounds, and at A a Power 
acting obliquely in the Direction A D, and which 
is repreſented by the Weight M. If you imagine 
a Line, as DE, parallel to the Lever in a hori- 
zontal Poſition, and A E perpendicular to that 
Lever; and if AD be to A E as 3 to 2, and 

the 
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the Weight M be of three Pounds, there will be 
an quilibrium. 

The Direction of the Motion of the Point A, 
by the Motion of the Lever, is perpendicular to 
the Lever, therefore it acts in the Line E A pro- 
duced. As the Diſtance B A always remains the 
ſame, in the ſecond Figure A is hindered from 
coming towards B, and as it were repelled in the 
Direction BA; in Fig. 3. the Point A is hin- 
dered from receding from B, and ſo A is as it 
were drawn towards B. Beſides, the Point A is 
by M drawn towards D; therefore that Point is 
drawn by three Powers, whoſe Directions are 
parallel to the Sides of the Triangle AED ; 
which therefore, to produce an Æquilibrium, 
muſt be to one another as thoſe Sides. 

The Point A, by reaſon of the Equality of 
the Diſtances of the Points A and B from 
the Fulcrum, moving along E A, is drawn 
with the ſame Force as P deſcends, that 
is, with the Force of two Pounds ; the Force 
therefore along A D muſt be of three Pounds, 
becauſe the Sides AD and A E are to one ano- 
ther as 3 to 2. The Side DE expreſſes what 
the Fulcrum ſuſtains by the Force with which 
the Point A in Fig. 2. is puſhed towards B, or is 
drawn from it in Fig. 3. 

The ſame alſo may be ſaid of an oblique Pow- 
er to the Axis in Peritrochio. 


Experiment 5.Plate XIV. Fig. 4. Let the Weight 203 
P, fixed to a Pulley, be ſuſtained by Powers 
applied on both Sides to the running Rope, but 
drawing obliquely in the Directions CA and 
CB; theſe Powers are equal to one another, be- 
cauſe no Part of the Rope, that goes about the 
Pulley, can be at reſt, unleſs it be equally drawn 
on both Sides.“ The Weight P is as it _ a *83 
| 2 third 


96 


Mathematical Elements Book ]. 


third Power, and ſo the Point C is drawn þ 
three Powers; ſuppoſe the Line CE perpendi. 


_ cular to the Horizon, and the Line A E parallel 


196 


204 


205 


to CB: If CE be to AE or A C (for theſe two 
Lines are equal, becauſe of the above- mentioned 
Equality of the Powers drawing along CR, 
CA z *) as 6 to 5, the Weight Pof 6 Pounds 
will be ſuſtained by the Weight Q and Q of 
5 Pounds each ; the Reaſon of which is evident 
by Prop. 196. | 

If one End of the running Rope is faſtened to 
a Pin, theWeight P will be ſuſtained by only one 
of the Weights Q. | 


Experiment 6. Plate XIV. Fig. 5.]lfthe Weight 

P be not joined to the Pulley, but ſuſtained by 
the Rope CA and CB faſtened to it, it may 
be ſuſtained by two unequal Powers. Draw the 
Triangle CAE, as was done in the foregoing 
Experiments, and let A E be 11, and CA 12,, 
and CE 12; you ſhall have an Zquilibrium, 
if theWeights Q andQ are to P, as the firſt Num- 
bers to the laſt; the Reaſon of which Experiment 
is alſo gvident from Numb. 196. | | 
Here we are to obſerve, that from the given 
Inclinations of the Threads C A and C B to the 
Horizon, the Proportion of the Weight Q and 
Q to the Weight P may be determined by Tri- 


gonometrical Tables. If in the Triangle ACE 
you conceive a Line A e drawn thro' the Point 


A parallel to the Horizon, and that Line be 


taken for a Radius of a Circle, CA will be the 


Secant, and e C the Tangent of the Angle which 


CA makes with the Horizon, and A E will 
be the Secant, and e E the Tangent of the Angle 


of Inclination of the Thread CB to the Hori- 


zon: Whence it appears that the Weights Q, Q 


are proportional to the ſaid Secants, and 


that the 
Weight 
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by weight P follows the Proportion of the Sum of 
di- the aforeſaid Tangents. 
llel On the Machine with which theſe laſt Experi- 
wo | ments are made, (the Make of which the Figure 
ed alone ſufficiently exprefles, eſpecially if it be 
B, compared with the 4th Fig. of Plate IV.) draw 
ds Lines along which the Threads that go over the 
of MW Pullies may be ſtretched; in the Middle of the 
nt Lines write down the Numbers, which expreſs 
the Secants of the Angles which thoſe Lines make 
to Ml with the Horizon; and, at the Ends of the Lines, 
ic Wl write down the Numbers expreſſing the Tangents 
of theſe Angles. | 
Now in every Caſe where there is an Zquili- 
t brium, the Weights Q and Q are as the Num- 
bers in the Middle of the Lines along which the 
Threads are ſtretched ; and the Weight P as the 
Sum of the Numbers at the Ends of thoſe two 


Lines. 


Experiment j. Plate XIV. Fig. 6.) For this Ex- 206 
periment we muſt make uſe of the Machine of 
Numb. 143. Plate VII. Fig 7. The Body M, be- 
ing laid upon an inclined Plane A B, is ſuſtained 
by a Power drawing along MS; let MR be a 
Line perpendicular to the Horizon, and A 8 R 
perpendicular to the Surface of the Plane; in e- 
very Caſe where the Weight P is to the Weight 
of the Body M, as MS to MR, the Body will be 
at reſt, 

The Body M by its own Weight is drawn in 
the Directions RM, by the inclined Plane it is 
ſuſtained ina Direction perpendicular to the Plane, 
and ſo that Experiment is reduced to the Propo- 


ſition of Numb. 196. 


Experiment 8. Plate XIV. Fig. y.] The Brachia 207 


of the Lever AC B are equal, and form ſuch an 
8 Angle 
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Angle, that if A C be continued towards D, and 
BD be drawn perpendicular to CD, DC ſhalj 
be the Half of BC or CA. At A hang one 
Pound p, and at B the two Pound Weight P; then 
ſetting the Brachium C A ina horizontal Poſition, 
you will have an Zquilibrium; * becauſe the 
Weight P hangs, as it would do upon a ſtreight 
Lever hanging at the Point D. 

Change the Weights, and let the greater hang 
at A, and the leſſer be laid upon the Brachium 
B Cat B; (Plate XIV. Fig. 8.) if by a vertical 


Plane you hinder this laſt Weight from falling 


196 


off, you will again have an Zquilibrium. | 

The Erachia of the Lever are equal, and by the 
Motion of theLever move equally ; therefore, by 
the Force of the Weight P, the Weight ? is as it 
were drawn towards E, in the Direction perpen- 
dicular to the Brachium BC; by the Action of 
the vertical Plane, that Weight is puſh'd horizontal 
ly; and at laſt is puſh'd vertically by the Force of 
Gravity. Therefore the Weight p is drawn by 
three Powers, which are to one another as the 
Sides of the Triangle BED. * Therefore the 
Force tending towards the Earth, (that is, the 
Weight p to the Force drawing towards E, namely, 
the Weight P) is as BD to BE, or D C to CB 
or C A; that is, as I ro 2. Which is alſo the 
Ratio between the Weights p and P. And here 
therefore the Reaſon of the Experiment is dedu- 
ced from the often mentioned Propoſition of 
Numb. 196 ; to which all other Caſes imaginable, 
relating to oblique Powers, alſo belong. 
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Of the Projection of heavy Bodies. 
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Body, moved by two Impreſſions, has a 208 
Motion compounded of both; * if 4 Body « ,o 


be projected, orthrown in the Line AB, ¶ Plate XV 
Fig. 1.) in the Time in which it could run the 
Length AB, it is by the Force of Gravity car- 
ried towards the Center of the Earth the Length 
B F, and ſo, by a Motion compounded of both, 
it is moved in AF; and by that Motion the 
ſecond Moment it would run through FC, e- 
qual to A F, if that ſecond Moment it was not by 
the Force of Gravity carried in CG, ſo that the 
Motion in the ſecond Moment is in FG: After 
the ſame Manner, the Motion in the third 
Moment is in GE H, and the fourth Moment 
in HI; but as Gravity acts continually, thoſe 
Moments of Time are to be look'd upon as infi- 
nitely ſmall, and ſo you will every where have 
a Motion compounded in different Directions ; 
that is, an Inflection of Direction in the Body's 
Motion; in that Caſe therefore it bi move in 4 
Curve Line. 


This Motion of a projected Body, or Projectile, 209 


may be conſider d more ſimply in all Projections 
which we make ; becauſe all Lines, which tend to- 
wards the Center of the Earth, may be look'd 
upon as parallel, and the Direction from that 
Motion is always the ſame; when the projectile 
Motion 2c made up of two Motions, the firſt equa- 
ble in the Line of the Projection, and the ſecond 
accelerated towards the Earth. 

Let a Body be projected in the Line A D, pa- 


rallel to the Horizon; in equal Times, by that 


H 2 | Motion 
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Motion, it will run thro' the equal Spaces A B, 
BC, C D: By Gravity it will, in a Motion per. 
pendicular to the Horizon, be carried in the Di- 
rection BF, CG, or DH, which here are ſup. 
poſed parallel; this Motion is accelerated, and 
therefore if after the firſt Moment the Body be 
at the Point F, after the ſecond it will be at G, 

| after the third at H; ſo that if you call BP 

*;:1 one, CG will be four, and D H nine. * The Bo- 
dy will run in a Curve, which goes through all 
the Points that may be determined in the ſame 
Manner as F, G, H, and that Line is called a Pa. 
rabolaà. ; | 

The Machine made uſe of, for proving this Pro- 
portion experimentally, is made of three Parts, 

as may be ſeen in Plate XV. Fig. 3. Abis6 
Inches high, DE is exactly of the fame Height: 
The Length YH is of 12 Inches, ſuppoſing the 
Point H to be diſtant 1 Inch from the End of the 
Cavity in which it is taken. 

Let E A be hollowed circularly ; or in any o- 
ther Curve ; and let this hollow Channel be over- 
laid with a Plate of very ſmooth Tin or Braſs, 
that a Braſs Ball may freely roll down it; but 
Care muſt be taken that the lower Part of the 
Curve, at A, ſhall have a horizontal Direction, 
that the Ball may quit it in that Direction. 

Ab muſt be divided into 9 equal Parts, of 
which Af is 1, and Ag contains 4. 

When, to this firſt Part of the Machine, you add 

the ſecond B, (Plate XV. Fig. 4.) it reaches to g 
and gGis 8 Inches long: If upon this you lay 
the third Part C, this laſt reaches to f, and f P is 

of 4 Inches. | 
The Diameter of the Ball P, which in making 
= the Experiments is to be let fall along the Curve 
42 E A, is of about half an Inch ; neither muſt a leſs 
| Ball 


Soo F: 3 eo ͤœö—Dm— D ! !x pH p H OOO» —pꝓ— —ä—— - — 


amade 


* 


| 


Ri 


| 
1 


; 


N 


7 


- 


- 


{! IA 


ll Tx 
0 MN, "7 Ra fill 
I p Wh 0 ] 4 i , Fn 
. f 3; e 


— 0 


Aumann 


5 


4. 


Ut | 


— — 


SI 


14 


lll 


0 


* 


e 10 
Shi Huld 
nume 


. 
Ng 


Li Ih 


ummummum 


| 
| 


* 
Hill 


| 


| 


0 
eee 
Wl 


7 
oy: 
e 


101 
I jj A 


an FEFYETFFUTEEATLERFEFETEVETLEFEEELYLOIOVVVDS! 


"7, 26 


. 


$— oo — — 


5 


Y 


if 


| 
h, 


— 


, 


1 
* 


. 


| 


ih 


lj 


10 


N 


| 


| 


| 


i 


hi 


5 


lj, 1 


. 


15 


bY; 


ill 


0 


10 


0 
[] 1 


| 


Ml 


l 


\ 


HH ww 


i 
7/08 


5 


Book I. of Natural Philoſophy. 101 


Ball, or a bigger Machine than what is here men- 
joned, be made uſe of; for the leſs the Bodies 
are, and the ſwifter their Motion, the more in 
Proportion is the Motion retarded by the Air's 
Reſiſtance ; as ſhall be ſhewn in its Place. 
When the Ball P is let fall from E, running 
down the Curve E A, it acquires ſuch a Degree 
ff Velocity, as appears to be always the ſame in 
ſeveral Trials ; and with that Velocity and hori- 
zontal Direction, it continues its Motion. 


Experiment.) Having joined together the three 
Parts of the Machine, as in Fig. 4. let go the Ball 
P from E, and it will ſtrike the Point F. Take 
away the leaſt Part C, and let the Ball come down 
as before, and it will {trike G. Laſtly, take away 
the Part B, and the Ball, deſcending as before, will 
ſtrike againſt H. | 

If you ſtick on a Piece of ſoft Clay upon H 
and G, the Point of the Stroke will be exactly 
mark'd ; this will not do ſo well in the Point F, 
becauſe of the greater Obliquity of the Motion 
there ; but, by repeating the Experiment, the 
Point F will be well enough determined by Sight 
R—_ 
The Propoſition of Numb. 134. may be experi- 211 
mentally confirmed by this Machine ; for, as we 
have already ſaid, the Ball running down EA will 
ſtrike the Point H. | / 
Coming down E A, it acquires a Celerity which 
it could have acquired in falling in ED; * with *,,, 
that Celerity it is horizontally projected from the 
Point A, and it moves that Length Y H equably 
according to that Direction, whilſt by its Fall it 
goes thro A h equal to ED; but Y H is double 
the Length A h or ED. ES 


H 3 What 
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What has been ſaid of the Curve, deſcribed by 
a Body projected horizontally, may alſo be appli- 
ed to any Frojection. 

Let the Body be projected in the Direction 
A E, (Plate XV. Fig. 5.) and let AB, BC, CD, 
DE, be equal; the Body will go through the 
Curie AFGHI, ſo that B F, CG, DH, EI, 
will be to one another, as 1, 4, 9, and 16; in 


- Which Caſe the Curve is alſo called a Parabola. 


"v3 


DEFINITION. 


Let AI be drawn horizontal, and the Curve 
above-mentioned will cut it in I; ATI is calld 
the Amplitude of the Projection. 


The Motions of Bodies projected with the | 


ſame Celerity, but different Directions, may be 

compared together. ; 
Let AL be the Height to which a Body, 

thrown up with a determinate Degree of Celerity, 


may riſe: Let the Body with the ſame Cele- 


rit y be thrown along AB, cuttin 


in B the Se- 


micircle deicribed on the Diameter AL; let AB 


192 


138 


the Time of the Aſcent in A M, the Body might 


expreſs that Celerity, and MB be parallel to the 
Horizon. The Motion in A B may be refolved 
into two others ; * the firſt along MB a horizon- 
tal, and the ſecond along A M a vertical Line; 
and it is only by that ſecond Impreſſion that the 
Body aſcends: The Height therefore, to which 
the Body aſcends in that Caſe, is to the Height to 


' which it would aſcend with the Celerity A B, as 


the Square of AM to the Square of AB; * that 
is, as AM to AL; but this is the Height to which 
the Pody aſcends with the Celerity of che Proje- 
ction ; therefore alſo A M is the greateſt Height 
to which the Body comes in that Projection. In 


by 
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by an uniform Motion, with the ſame Celerity 
with which it moves in AM, in a horizontal 
Motion go thro' twice the Length of the Line 
MB; and as the Time of the Fall is equal to 
the Time of the Aſcent, * the Amplitude AB is 136 
four Times the Length of the ſame Line MB. 
Now this Demonſtration will ſerve, whatever the 
Inclination of the Direction of A B is. Whence 
we deduce, 8 

1. That the Amplitude is the greateſt, with the 214 
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ſame Celerity, when the Angle of the Projection is 


a Half Right Angle. For then the Line 2 , being 
a Radius of the Semicircle, 1s the greateſt of all. 

2. Except thisCaſe,there are always two Inclina- 
tions, that give the ſamei Amplitude; for if thro' B, 
B be drawn parallel to AL, cutting the Semi- 
circle at , and m parallel to the Horizon; this 
Line will be equal to MB; therefore the Am- 
1 of the Projection, in the Direction A &, 

ill alſo be AI. In the ſecond Part of the fol- 


| lowing Book, all this will be confirm'd by Ex- 


periments. ä | 
If the Celerity be changed, and the Body pro- 215 
jected in the ſame Direction, the Amplitude is 
changed, in the ſame Ratio as the Diameter A L ; 
that is, the Amplitudes, the Direction remaining 
the ſame, are as the Heights to which Bodies, 
with the ſame Celerities, being thrown up, may 
aſcend ; and therefore they are as the Squares of 


| the Celerities, 
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C H A P. XXV. 
Of Central Forces. 


4 A Body in Motion continues its Motion in 
124 Z A 2 right Line, * and does not recede from 
it, unleſs a new Impulſe acts upon it; after ſuch 
an Impulſe the Motion is compound, and fo 
from the two there ariſes a third Motion in a 
*:go Right Line alſo. * If therefore a Body is moved 
in a Curve, it receives a new Impulſe every Mo- 
ment ; for a Curve cannot be reduced to Right 
Lines, unleſs you conceive it divided into Parts 
infinitely ſmall. We have an Example of that 
0 Motion in the Projection of heavyBodies;* and a- 
nother in all Motions round a Point as a Center. 
216 If a Body, that is continually driven towards a 
Center, be projected in a Line that does not go 
thro” that Center, it will deſcribe a Curve; and, 
zn all the Points of it, it endeavours to recede from 
that Curve, according to the Direction of a Curva- 
ture; that is, of a Tangent to the Curve; ſo that if 
the Force driving towards the Center ſhould im- 
mediately ceaſe to act, the Body would continue 
its Motion in a Right Line along the Tangent. 
A Stone whirl'd round in a Sling deſcribes a 
Curve, becauſe the Sling does every Moment, as 
it were, draw it back towards the Hand; but, if 
you let the Stone go, it will fly out in the Tan- 
gent of the Curve. 


DEFINITION I. 


212 The Force with which a Body in the Caſe above- 
= mentioned endeavours to fly from the Center, ſuch 
as the Force by which the Sling in Motion is 
ſtretch'd, i calld a Centrifugal Force. | 
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DEFINITION II. 


But the Force, by which a Body is drawn or im- 219 
pelld towards that Center, is call'd a Centr ipetal 
Force. 


DEFINITION III. 


Theſe Forces are by a common Name call'd 225 
Central Forces. 

. all Cafes, the centrifugal and centripetal For- 221 
ces are equal to one another; for they act in con- 
trary Direct ions, and deſtroy one another. 

The whirl'd Sling is equally ſtretch'd both 
Ways, * and the Stone endeavours to recede from - 
the Hand with as much Force as it is drawn to- 
wards it. 

Central Forces are of great Uſe in Natural 
Philoſophy ; for all the Planets move in Orbits, 
and moſt of them, if not all, turn upon their 
Axes. 

I ſhall chuſe out the chief Propoſitions relating 
to theſe Forces, and confirm them by Experi- 
ments; but firſt we muſt deſcribe the Machines 
with which theſe Experiments are performed. 


RENT 
Ti 7 


Plate XVI. Fig. 1, and 2.] A is a round Board 222 
or Table of 2 Feet and a half Diameter; whoſe 
yertical Section is ſeen in Fig. 2. in which 4 à re- 
preſents the Section of the Table itſelf, and gh 
the Section of its turn'd Foot, which is joined 
perpendicularly to its Center; this Foot or Sup- 
porter of it conſiſts of two Pieces ſeparated at D, 
which are fix'd together by four ſmall Irons, 
whoſe Ends are rivetted to Rings of the ſame 
Metal. 

The upper Part of the Foot has a Groove 
round it at cc; and has a cylingric Hole thro it 
at f g of three Quarters of an Inch Bare. _ 


The 
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The Frame of the whole Machine, repreſent. 
ed at C, is very ſolid; and one Side re- 


ceives the Foot of the Table A, which paſſes 


freely thro' an Hole in the upper Part of the 
Frame C;; to which is firmly join'd the wooden 
Collar F of Fig. 3. which fits in the ſaid upper 
Part of the Frame. 

The Table with its Foot 2 upon the croſ; 
Piece E D, which has a Plate of Iron to receive 
the Eraſs Center“ Y. This tranſverſe Piece is fix'd 
but juſt above the Feet of the Frame, that, when 
the Table-Foot is let down upon it, the Groove 
c may be but juſt above the wooden Collar; 
to the Top of which are ſcrewed down two Iron 
Plates RR (Fig. 3.) by four Screws, ſuch as 
SS, In this Poſition = Table will very freely 
move horizontally about its Center ; and, that it 
may move the more eaſily, there is flipped on up- 
on the Foot cloſe to the 'Table, (where it is not 
round, but fix or eight ſquare) a ſmall Wheel or 
| Pulley, whoſe Section you ſee in b, and which 

js joined to the Table by means of the Screws el, 
el. There muſt be three other ſuch Wheels 
whoſe Circumferences, taking them at the Bot- 
tom of their Grooves, are to one another as one, 
two, three ; the leaſt of all the Wheels is of about 
5 Inches Diameter. 

Another Table B, made juſt like the firſt. is to 
be whirl'd about round its Center in the oppoſite 
Part of the Frame C. Tho' there is a ſmall Dif- 
ference between them ; for in this the lower Part 
of the Foot has an Hole thro it as well as the 
upper, (ſee 0 Fig. 4.) yet it is turn freely, 
having fix'd to its Bottom a Braſs Plate with a 
Hole in it to receive the little Pipe of another 
Plate M, whoſe. vertical Section is ſeen at L, 
and Which! is fixed to E D, the other croſs Piece 
of the Frame, at the Place m. This croſs Piece 


muſt 


% 


\ 
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muſt be bored thro* to anſwer to the Hole of 
the Plate, in ſuch Manner that a Thread may go 
from the Top of the Table quite thro* the whole 
Foot and the Piece E D. Such a Wheel as 5 
is made faſt to the Table immediately under it, 
and is in Bigneſs juſt equal to the leaſt of thoſe 
which are made to take off and on, belonging to 


the Table A. 


The two Tables A and B may be whirl'd, ve- 
ry ſwiftly, either ſeparately, or both together, by 
Help of the great vertical Wheel Q: For per- 
forming of which, you muſt make uſe of the 
Machine of Fig. 5. which is a wooden Plane or 
ſtrong flat Board, to which is perpendicularly 
fix d a Parallelopiped, in whoſe upper Surface 
are vertically fix d the two Pullies vv, at the 
Ends, and ſideways at one End there is another 
Pulley as t, which is horizontal. The Surface, 
when the Machine is applied to the Frame, is 
in the ſame Plane with the ſmall Wheels of the 
Tables. | 


If B alone is to be whirl'd, the Piece of Fg. 5. 


is to be fix'd to the Frame C, by Help of two 
Screws going thro* ſuch Holes as x in the lower 
Part of the Piece, which muſt be ſo fixed, in re- 


ſpect to the little Wheel of the Table, as is re- 


preſented in Fig. 6. where & repreſents that little 
Wheel: 'The Rope goes round the great Wheel 
Q, and from its lower Part goes from 4 towards v, 
goes round the Wheel 5, and againſt the Pulley 2, 
towards c, and ſo comes back to the upper Part 
of the Wheel Q. Fer 
The ſeventh Figure repreſents the Poſition of 


the Machine or Piece of Fig. 5. when both Ta- 


bles are to be whirl'd round at once. A Sight of 
the Figure ſhews the Way of the Rope, which 
from v goes down to d, and fo to the lower Part 


pf the great Wheel. 


Peſides 
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Beſides this, in ſeveral Experiments you muſt 
make uſe of long Boxes or Troughs I FE, I E,; 
which arelaid upon the 'Tables, and fix'd to them 
with Serews ; the Center of every one of theſe 


Boxes lies juſt over the Center of the Table 
where there is a Hole equal to the Hole g,f, 
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(Fig. 2.) and exactly anſwering to it, in which 
Hole of the Box is thruſt a wooden Cylinder N, 


Fig. 2.) as may be ſeen at &: thro' the Middle 
of this Cylinder goes a little Glaſs Tube of about 
a Quarter of an Inch Bore, whoſe Ends are 
thicken'd at the Flame of a Lamp, ſo asto make 
the Hole ſomething leſs and ſmooth ; that a 
Thread or ſmall String may run up and down 
thro* it, without any ſenſible Friction. = 

One of the 'Troughs holds a Ball, tied to a 
Thread which goes thro' the above-mentioned 
Tube, and is alfo faſtened by a Screw to the 
Weight O, (Fig. 7.) which lies in D the Sepa- 
ration of the Foot. This Weight is laid upon the 
lower Half of the Foot, from whence it is raiſed 
up, as the Ball recedes from the Center of the 


This Weight is a round Plate of Lead, and of 
about 2 Inches Diameter ; it has a Braſs Cylinder 
fix'd to its Center, whoſe upper Part, in order to 
receive the String, is cleft into two Parts, which 
are drawn together by means of a Screw : this 
Plate of Lead with its Cylinder weighs half a 
Pound; and there muſt be two ſuch Weights. 

There are ſeveral other Weights, ſome of half, 
ſome of a Quarter of a Pound, repreſented by P, 


(Fig. 7.) which are to be laid upon the ſaid Weight 
O; that one may at Pleaſure vary the Weight to 
be raiſed by the Ball. | | 
When a Body, laid upon a Plane, does in the ſame 
Time, and about the ſame Center, revolve with that 
5 e Plane, 
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Plane, and ſo deſcribe a Circle; if the centripetal 
Force, by which the Body is every Moment drawn 
or impelled towards the Center, ſhould ceaſe to act, 


and the Plane ſhould continue to move with the 


ſame Celerity ; the Body will begin to recede from 
the Center (in Reſpect of the Plane) in a Line 
which paſſes thro' the Center. 


Experiment 1.] Take a Ball which is tied to a 
Thread, the other End of the Thread being fa- 
ſtened to the Center of one of the 'Tubes A or 
B, and lay it on the Table, which muſt be whirl'd 
ſingly ſo long, till theBall is carried round with it ; 
here the Ball is at reſt, in reſpe& of the Table, 
and in that Situation it is retained only by the 
String faſtened to the Center; therefore it ſuf- 
fers no Impreſſion in that Plane, except that by 
which the String is ſtretched, that is, whoſe Di- 
rection paſſes thro* the Center of the round Ta- 
ble; and ſo, if it be left to itſelf, it cannot the 
firſt Moment move in any other Direction in 
that Plane. | 


When a Body moves about a Center, if in its 224 


Motion it comes nearer to the Center, its Motion is 
accelerated; but on the Contrary retarded, if it re- 
cedes from the Center. 


Experiment 2.] Let the Trough F I, through 
whoſe Center the Cylinder G, with its Glaſs Tube, 
is fixed into the Center of the Table B, be faſten- 
ed to the ſaid 'Table. 

Let the Ball L, tied to a Thread, be laid in the 
Trough, and the Thread put thro' the Tube a- 
bove-mentioned, as alſo thro' the whole Foot of 
the Table, and the croſs Piece at Bottom that ſuſ- 
tains the Foot, and then with your Hand hold 
the End of the Thread, | 


To 
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Let the Table be turned round, and you will 
obſerve, that, during that Motion, the Ball will 
apply itſelf to one Side of the Trough, and is 
carried round ſo as to move with the ſame Velo- 
city as the Trough. Let the Thread be pull'd, 
ſo as to bring the Ball nearer the Center, and 
it will immediately ſtrike the oppoſite Side of the 
Trough, becauſe it moves faſter than the Trough. 
If you bring your Hand nearer to the Foot of 
the Table, 1 as to give more String, the Ball 
recedes from the Center, and ſtrikes the firſt Side 
of the Trough, as moving more ſlowly than the 
_ 'Frough. 

This Acceleration when a Body approaches 
nearer to the Center, and Retardation when it 
recedes ſrom it, is determined by Geometrici- 

ns: If a Body, for Example, which is driven 

towards the Center C (Plate XVI. Fig. 11.) be 

moved in the Curve A E, it will move faſter at 

E and flower at A: Draw the Lines AC, BC, 

and EC, DC, ſo that the Areas ABC and 

DEC may be equal to one another, the Parts 

AB and DE of the Curve are deſcribed in equal 

225 Times by the Body; and therefore, 4 Body that 

is retained in a Curve, by a Force tendins towards 

a Center, is ſaid to deſcribe round that Center 
Areas proportionable to the Ti mes. 

226 The inverſe Propoſition is alſo demonſtrated, 

namely, That a Body which is moved in any Curve 


in a Plane, and deſcribes about any Point Areas pro- 


portionable to the Times, is turned ont of the right 
Line, and urged by a Force tending to that Point. 
227 The greater the Quantity of Matter in any Body 
is, the greater is its centrifugal Force ; which ariſes 
from a greater I antity of Motion. 
228 If Liquors of different Denſities be included 


in a determinate Space, ſo that the heavier can- 
not recede from the Center, unleſs the lighter 
| come 
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come towards it; and they be ſo diſpoſed, that by 
their Weight the heavy Fluid comes to the Cen- 
ter; upon moving the Whole about that Center, 
the light Fluid will come towards the Center, and 
the heavy one fly from the Center. 

If a Solid be included with a Liquid in a de- 
terminate Space, the ſame may be ſaid, as was 
ſaid of the two Liquids: If it be lighter than the 
Liquid, it will come towards the Center; if hea- 
vier, it will recede from it. All which ariſes 
from the great Centriſugal Force in the heavier 
Body. 

Experiment 3. Plate XVI. Fig. 8.] Take four 
Glaſs Tubes of about one Inch Diameter each, 
and a Foot long, and having hermetically ſealed 
them, let them be firmly tied to an inclined Plane. 
In the firſt, you muſt have Quickſilver and Water; 
in the ſecond, Oil of Tartar per deliquzum, and 
Spirit of Wine; and the third, Water with a Lea- 
den Bullet ; and laſtly, inthe fourth, Water with 
a Piece of Cork ; and all of them muſt be abour 
half empty. 

This inclined Plane muſt be faſtened to the 
whirling Table A or B (Plate XVI. Fig. 1.) fo 
that the lower Part of the Plane may come almoſt 
to the Center of the Table, by means of two 
Screws, one of which goes thro' x (Fig. 8.) Let 
the Table be whirled round, and immediately 
the lower Part of the Tubes will remain empty, 
and the heavier Bodies will go to that Part of the 
Tube which is fartheſt from the Center ; the Cork 
deſcends and ftrikes to the lower Part of the Wa- 
ter, whilſt the Leaden Eullet goes to the Top of 


the Tube. e 
Central Forces not only differ on account of 229 


the Quantity of Matter, but the Diſtance does 
alſo cauſe a Change, and likewiſe the Celerity 
with which the Body is moved round: There is 

b nothing 
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231 


nothing elſe that can make any Difference in 
theſe Forces: And theſe are all the Things to be 


conſidered, when we compare them together. 


| DEFINITION IV. 

The Periodical Time is the Time, in which a 
Body going round a Center performs one whole Re- 
volution; that is, if it deſcribes a Curve that re- 
turns into itſelf, the Time elapſed between its 
Departure from and Return to a Point : If the 
Curve does not return into itſelf, inſtead of aPoint 
we muſt take a Line paſſing thro' its Center. 
The Periodical Time depends upon the Celeri- 
ty of the Body ; and therefore, in comparing cen- 
tral Forces, it muſt be taken for the Velocity. 

When the Periodical Times are equal, and the 
Diſtances from the Center are alſo equal ; the cen- 
tral Forces are as the Quantities of Matter in the 
revolving Bodies. MEWS 


: Experiment 4. Plate XVI. Fig. 1.] Of the three 
Wheels or Pullies & &, mentioned in the Deſcrip- 
tion of the Machines, apply the leaſt to the Ta- 


ble A; ſo that if the two Tables A and B be 


whirled at the ſame Time by the Motion of the 


Wheel Q, they may run round in equal Times; 


to each of them fix the long Troughs I F, IF; 
and the Cylinders G G, that contain Glaſs Tubes, 
muſt be thruſt 'thro' the Center Holes of the 
Troughs quite into the Feet of the Tables. 

Put a Ball L of half a Pound into the Trough 
of the Table B, and a Ball L of one Pound in the 
Trough of the Table A : 'Threads tied to the Balls 
go thro' the little Tubes & &, and are faſtened to 


- Weights placed in the Separations of Hollows of 


the Feet of the Tables, in ſuch Manner, that the 
Diſtances of the Balls from the Center, when the 


Threads are ſtretched and the Weights not 


raiſed, 
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raiſed may be equal; now if the Weight in the 
Separation or Hollow of the Foot of A be one 
Pound, that in the Separation of B muſt be half 
a Pound ; or if this laſt ſhould be one Pound, the 
other mut de two Poungs, ** IONS 

Let the Wheel Q be turn'd round faſter and 
faſter, till by the centrifugal Force of the Balls 
the Weights above-mentioned be raiſed, and 
both Weights will be lifted up preciſely at the 
ſame Time; therefore Weights, that are as the 
Bodies, will, cæteris paribus, be overcome by the 
centrifugal Force. > 


Bodies are equal, and the Periodical Times alſo equal, 
the Forces are as the Diſtances from the Center. 


Experiment 5. Plate XVI. Fig. 1.) This Expe- 
riment is made in the ſame Manner as the forego- 
ing; inſtead. of a Ball of half a Pound, put in 
the Trough of the Table B a Ball equal td the 
other that is of one Pound. Let the Diſtances 
from the Center be taken in any Proportion; if 


the Weights join'd to the Balls in the ſame 


Proportion, and the Wheel Q be moved faſter 
and faſter, you will ſee the two Weights riſe ex- 


actly at the ſame Time. As for Example, if 


the Diſtance of the Ball upon A be of 12 Inches, 
and the Weight join'd to it of 1 Pound and a half; 
and the Diſtance of the other Ball of 8 Inches; 
and the Weight join'd to it of 1 Pound, the Ex- 
periment will ſucceed. -- 


When the periodical Times are equal, but the Di- 233 
flances aud the Quantities of Matter in the revolving 


Bodies differ, the central Forces are in a Ratio com- 
pounded of the Quantities of Matter and the Di- 
fances ; which follows from the two laſt Propoſi- 
tions. 'To determine that compound Ratio, the 
Quantity of Matter in each Body muſt be multi- 


p ""*M plied 


/ 
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plied by its Diſtance from the Center, and the 
Products will be to each other in the Ratio afore- 
ſaid. 


Experiment 6.) If in the laſt Experiment the 
Ball upon B be changed, and you place a Ball 
of half a Pound at 8 Inches from the Center, and 
you alſo change the Weight join'd to it, and half 
a Pound be uſed inſtead of a Pound; the Experi- 
ment will alſo then ſucceed, and the Weights 
will begin to riſe at the ſame Time. If you multi- 
ply the half Pound Ball by its Diftance of. 8 


Inches, the Product is 4, and multiplying the iſ 


1 Pound Ball by 12 Inches, its Diſtance from the 
Center, the Product is 12, which Products are 
to one another as I to 3; that is, as the Weight 
of half a Pound to that of 1 Pound and a half, 
which are in this Experiment both lifted up at the 
ſame Moment. OY 

The Differences of central Forces ariſing from 
the different Diſtances from the Center, and the 
different Quantities of Matter, may compenſate 


234 one another; for ſuppoſing the Quantities of Mat. 


ter in the revolving Bodies to be in an inverſe Ra- 
tio of the Diſtances from the Center, the Central 
Forces will be equal ; as much as one Force is 
greater in reſpect of the Quantity of Matter, ſo 
much does the other exceed it by reaſon of its 
greater Diſtance. 


Experiment J.] Let a Ball of half a Pound be 
placed at the Diſtance of 14 Inches, and a Ball 
of one Pound at the Diſtance of 7 Inches; every 
thing elſe being as in the foregoing Experiment ; 
if the Weights in the Foot or Spindle of each 
Table be alike, they will riſe at the ſame Mo- 
ment. 


235 There is a Caſe of this Propoſition, when two Bo- 


dies join'd by a Thread revolve about their common 
| __ Centet 
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Center of Gravity. For the Diſtances from that 
Center are in an inverſe Ratio of the Weights of 
the Bodies, * and therefore the central Forces are 
equal. By the Force by which one Body endea- 


vours to recede from the Center, the other is drawn 
towards it; and by reaſon of the Equality of the 


Forces, they retain one another, and continue their 


Motion ; if they revolve about any other Point, 
they do not continue their Motion, and the Body, 


whoſe centrifugal Force overpowers, tecedes from 


the Center,and carries the other Body along with 


It. 


Experiment 6. Plate XVI. Fig. 10.] Let two 
unequal Bodies P and Q be join'd by a Thread, in 
which you muſt mark the Point C, which is the 
common Center of Gravity of thoſe Bodies, 
when the Thread is ſtretch'd. 

In this Experiment you muſt uſe but one Ta- 
ble, and fix upon it a long Trough that reaches 
beyond the Diameter of the Table both Ways, 
and whoſe middle Point is over the Center of the 
Table. In this Trough you muſt place the Bo- 
dies above-mention'd, and the Thread that joins 
them being ſtretch'd, the Point C muſt be put in 
the Middle of the Trough. When the Table is 
whirl'd round, the Bodies are carried round with 
it, and remain at reſt in it. If the Point C be 
removed from the Middle of the Box, upon 
whirling the Table, both Bodies will be carried to 
that End of the Box which the Point C was placed 
neareſt to. : | 

The Difference of the central Forces is alſo 
determined from the Difference of the periodical 
Time. 

When the 
whirFd round, and the Diſtances from the Center are 


equal, the central Forces are in an inverſe Ratio of 
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the Squares of the periodical Times : that is, di- 
rectly as the Squares of the Revolutions made in 
the ſame Time. 


Experiment g. Plate XVI. Fig. 1.] To the Ta- 
ble A apply a Wheel or Pulley, ſuch as 45, (Zig. 2.) 
whoſe Circumference is double the Circumference 
of the Wheel which is fix'd to the Table B; fo 
that when the two Tables are whirl'd both toge- 
ther, B ſhall go round twice for A once; that is, 
the periodical Time of that ſhall be double the 
periodical Time of this. 
In each Trough I L, I L, lay a Ball of one 
Pound at equal Diſtances from the Center. The 
Ball laid on the Table B muſt be tied to two 
Pounds in the Foot, and the other Ball upon A 
is join'd by its 'Thread to half a Pound in the 
Foot. Upon whirling the Tables, both Weights 
will riſe at the ſame Time : Which Weights are 
here as I to 4, the periodical 'Times being as 2 to 
I, whoſe Squares are reciprocally as I to 4. 
23) However the central Forces differ from one ano- 
ther, they may, according to what has been ſaid, 
be compared to one another; for they are always 
iu a Ratio compounded of the Ratio of the Quant i- 
* 231 Lies of Matter in the revolving Bodies, * and the 
* 232 Ratio of the Diſtances from the Center, * and alſo. 
an inverſe Ratio of the Squares of the periodical 
* 256 Times. * If you multiply the 8 of Mat- 
ter in each Body by its Diſtance from the Center, 
and divide the Product by the Square of the pe- 
riodical Time, the Quotients of the Diviſion will 
be to one another in the ſaid compound Ratio, 
that is, as the central Forces. 


Experiment 10. ] Every thing being prepared as 
in the former Experiment, ſet a Ball of half a 
Pound, at the Diſtance of 8 Inches from the 
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Center of the Table B, and let it by the Thread 
be joined to one Pound in the Foot; let another 
Ball of two Pound be placed at the Diſtance of 
12 Inches from the Center of the Table A, and 
joined with a Weight of 3 Quarters of a Pound; 
whirl the Tables, and the Weights will be raiſed 
juſt at the ſame Time. 

Here the Bodies are as 3 to I ; the Diſtances 
as 8 to 12; the Squares of the periodical 'Times 
as I to 4; multiplying one Half by 8, and divi- 
ding the Product by 1, the Quotient of the Di- 
viſion is 4; multiplying 1 by 12, and dividing 
the Product by 4, the Quotient is 3. Therefore 
the central Forces are to one another as 4 to 3, 
which Ratio alſo the Weights in the Feet have to 
one another. | 

Apen the Quantities of Matter are equal, the 238 
Diſtances themſelves muſt be divided by the Squares 
of the periodical Times, to determine the Proporti- 
on of the central Forces. Ws 

In that Caſe, if the Squares of the periodical 239 
Times be to one another as the Cubes of the Diſtan- 
ces, the Quotients of the Diviſions, as well as he 
central Forces, will bein an inverſe Ratio of the 
Squares of the Diſtances. 


Experiment x1.] Let the periodical Times of 
A and B be as 1 to 2, in the ſame Manner as in 
the two laſt Experiments. Take two equal Balls, 
and let the Diſtance from the Center on B be 10 
Inches, and the other Ball's Diſtance from the 
Center be of 16 Inches: To the Thread of the 
firſt, faſten one Pound and a Quarter, and to the 
Thread of the other, faſten Half a Pound in the 
Hollow of the Foot of A; whirling the Tables, 
the Weights will rife the ſame Moment. 

In that Experiment the central Forces are as 


5 to 2, which you-alfo find by Calculation. * 7238 
: I 3 This 
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much differ. 
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This Ratio differs very little from the inverſe 
Ratio of the Squares of the Diſtances, which are 
to one another as 200 to 512; the Cubes of the 
Diſtances are alſo almoſt as the Squares of the pe- 
riodical Times: Theſe Squares are as 1 to 4, and 
thoſe Cubes as 125 to 512, which Ratios do not 
If you take other Numbers, theſe 
Ratios will be exactly the ſame, and the Experi- 
ment will ſucceed in the ſame Manner; but it is 
not eaſy in the Experiment to vary the perio- 
dical Times or the Weights in what Ratio you 


pleaſe. 


249 


When the Force, by which a Body is carried 
towards a Point, is not every where the ſame, 
but is either increaſed or diminiſhed in Proporti- 
on to the Diſtance from the Center, ſeveral 
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Curves will thence ariſe in a certain Proportion. 


241 


If the Force decreaſes in an inverſe Ratio of 
the Squares of the Diſtances from that Point, the 


Body will deſcribe an Ellipſis, which is an oval 


Curve, in which there are two Points called the 


Foci, and the Point towards which the Force is 


directed falls into one of them: So that in every 
Revolution the Body once approaches to, and once 


recedes from it. 


Sort of Curves, and ſo in that Caſe the Body may 
alſo deſcribe a Circle: The Body may alſo (by 
| -Tuppoſing a greater Celerity in it) deſcribe the 


The Circle alſo belongs to that 


two remaining Conic Sections, viz. the Parabola, 
or Hyperbola, Curves, which do not return into 
themſelves. 


On the contrary, if the . increaſes with 


the Diſtance, and that in a Ratio of the Diſtance 


itſelf, 
lipſe; 


the Body 
but the Point, to which the Force is direct- 
ed, is the Center of the Ellipſe, and the Body in 


will again deſcribe an E/- 


each Revolution will twice approach to, and a- 


I twice recede from that Point. 


go 4 


In this 
Caſe 
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Caſe alſo a Body may move in a Circle, for the 
Reaſon above-mentioned. 


Experiment 12.) Hang up a leaden Ball with a 
long 'Thread ; if the Ball be drawn back from its 
Point of Reſt, it is always carried towards it by 
its Gravity,and from equal Sides with equal Force, 
if the Diſtance be equal. 'The Ball in its Motion 
deſcribes an Arc of a Circle, which Way ſoever 
it falls when you let it go: If thoſe Arcs are not 
very great, they coincide with a Cycloid, and the 
Force, with which the Ball in anyPoint is carried 
towards the loweſt Point, is as its Diſtance from 
that Point ; * therefore here the Force increaſes * 156 
in the Ratio of the Diſtance. ef 

Let the Ball be pull'd back from the loweſt 
Point, and projected obliquely ; then it will de- 
{cribe an oval Curve about that Point, which 
(when the Ball does not run out to a great 
Diſtance) will hardly differ at all from an Ellipſe, 
becauſe of the Proportion of the Forces, and be- 
cauſe in that Caſe the Ball does ſenſibly move in 
the ſame Place. | +; aa 

The Center of the Ellipſe is the Point in 
which the Ball is at reſt when it is not project- 
ed; and in every Revolution the Ball does twice 
approach to, and twice recede from it. If the 
Ball hangs over a Table ſo. as almoſt to touch it 
when it is at reſt, and the Point, over which it is, 
be mark'd upon the Table, the Experiment will 
become more ſenſible if you draw an Oval upon 
the Table with Chalk, by following the Body 
with your Hand. \ 4; | 

If the Proportion (mentioned Numb. 241, and 243 
242.) of the Forces by which a Point is driven 
towards a Center, be a little a the Body 
will no longer deſcribe: an Ellipſe; but ſuch a 
Curve as may be reduced to.an Ellipſe, by ſup- 

. 14 _ .. powng. 
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former Experiment, let the Ball be ſo 
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ing the Plane in which the Body moves agi- 
tated by ſome Motion, which therefore will make 


the Ellipſis moveable. 


Experiment 13. ] Every Thing 3 in the 
rown that 

it may run out to a greater Diſtance; and then it 
will deſcribe a Curve which may be referr'd to the 
moveable Oval: it will indeed twice in every Re- 
volution come towards the Center, and twice re- 
cede from it; but the Place of the Points in which 
it is leaſt, or moſt diſtant, is changed every Re- 
volution, and theſe Points are always carried the 
fame Way, their Motion conſpiring with the Mo- 


tion of the Ball. 
CHAP. XXVI. 
Of the Laws of Elaſticity. 


wW E have already ſhewn what Elaſticity is, 


* 


and whence it ariſes; “ and what is its 


Effect in the Congreſs of Bodies, whether they 


ſtrike one another directly or obliquely ; what | 


remains is to examine the Laws of Elaſticity it- 


ſelf, which we fhall do from Phznomena. 


All Bodies, in which we obſerve Elaſticity, 
conſiſt of ſmall Threads or Filaments, or at leaſt 


may be conceived as conſiſting of ſuch 'Threads; 


and it may be ſuppoſed that thoſe Threads laid 


together make up the Body; therefore that we 


may examine Elaſticity in the Caſe which is the 
leaſt complex, we muſt conſider Strings of mu- 
fical Inſtruments, and ſuch as are of Metal; for 


Catgut - Strings have a ſpiral Twiſt, and cannot be 
confider'd in'the ſame Manner as thoſe Fibres of 


which Bodies are form'd. - 
The Elaſticity of Fibres conſiſts in this, that they 


can be extended, and taking away the Force ly which 


hey 


wo 


iti 
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they are engt ben d, they will return to the Length 
which they had at firſe. | 


Fibres have no Elaſticity, unleſs they are extend- 243 


ed with a certain Force; as it appears in Strings 
that have their Ends fix'd without being ſtretch'd ; 
for if you remove them a little from their Poſition, 
they -do not return to it: but what the Degree 
of Tenſion is, which gives Beginning to Elaſftis 
city, is not yet determined by Experiments. 


When a Fibre is extended with too much Force, 246 


it loſes its Elaſticity; and this Degree of Tenſion 
is alſo unknown; this, we know, that the Degree 
of Tenſion in Fibres, which conſtitutes Elaſtici- 
ty, is confined to certain Limits. 

Hence appears the Difference of Bodies that 2 


are elaſtic, and ſuch as are not ſo; why a Body 


loſes its Elaſticity, and how a Body deſtitute of 
Elaſticity acquires that Property. A Plate of 
Metal, by repeated Blows of a Hammer, be- 
comes elaſtic, and, being heated, does again loſe 
that Virtue. Eg | 
Between the Limits of Tenſion, that termi- 
nate Elaſticity, there is a different Force required 
for different Degrees of Tenſion, in order to 
ſtretch Chords to certain Lengths: What this 
Proportion is, muſt be determined by Experi- 
ments, which muſt be made with Chords of 
Metal, as was ſaid before. But as theſe Wires 
are ſcarce ſenſibly lengthen'd, the Proportions of 
the Lengthening cannot be directly meaſured ; 
row a they muſt be meaſured by another Me- 
thod. 
Let A B (Plate XVII. Fig. 1.) be a ſmall Wire 
ſtretch'd horizontally with a certain Force, whoſe 
Ends are fix'd at A and B: Let it be bent by a 
Weight hanging in the Middle of it, ſo that it 
may come to the Poſition AGB. 


Ds F I- 
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DEFINITION. We 


248 The Line Ce drawn from the middle Point of a ſuſt 
String or Chord after its Inflexion, to the middle fron 
| Point of the ſame when it was in its natural State, 
; 7s call'd the Sagitta (Arrow) of the Chord. 
ö Let ce be an Arc of a Circle deſcribed about | ſion 
| the Center B, with the Radius Bc. Half the Ind. 
Chord or Wire by the Inflexion was ſtretch'd the Hol 
Length Ce,which Quantity has a certain Relation han, 
to the Sagitta Cc. 182 
| The Weight alſo, by which the String isſtretch'd, Wir 
| has a certain P elation to the Force with which I Dill 
the Fibre is lengthen'd, that is drawn along B C: the 
and fo in ſeveral Experiments by comparing the 
Sagitta Cc, and the Weights with which the mad 
: Chords are inflected, the Proportions of the I nor 
| Lengthenings are determined; as will be ſhewn I AB 
= in the following Experiments. 
=_ 249 The Machine for performing them is a vertical Ae 
l Board, about 3 Foot long, and 1 Foot high. 
See Plate XVII. Fig. 2. | 9 
The Rulers of Wood in 7, mu, are fix'd to the 
Board like a Moulding, and carry two Priſms 
I, H, made like a Wedge, which ſlide along upon and 
the Rulers, and are fix d any where upon them by 
means of Screws, which hold them behind the | Scal 
Board, their Shanks being moved backwards and the 
forwards, by means of a Slit in the Board. 174d 
Between A and B there are equal Diviſions and 
reckon'd from the Middle on either Side, in or- in 
der to determine the Places where to fix the ſion, 
Trims. NO 2 | . ; 
At O there is a Groove, to hold the Pulley T Wei 
in the Side of the Board ; which Pulley is repre- E 
ſented in Plate XIII. Fig. 8. | Wei, 
The Wire, with which the Experiments are by it 
made, is fix d at one End of the Ruler m u, and | © #/ 

| | as 
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at the other End goes over the Pulley 'T, the 
Weight P ſtretching it, and the Priſms, H, , 
ſuſtaining it in Points, which are equally diſtant 
ſrom the Middle of the Machine. 
There is a Braſs Plate de let into the Middle 
of the Board, and mark'd with very ſmall Divi- 
ſions, along which moves another Braſs Plate or 
Index Fg, which hangs upon the Wire, having a 
Hole thro' which it runs: This Index has a Scale 
hanging from it, which, together with the Index - 
fg, weighs juſt an Ounce. The Length of the 
Wire is determined in each Experiment by the 
Diſtance of the Edge of the Priſms H, H; for in 
the ſmall Inflexions made by hanging on Weights 
in C, concerning which alone Experiments are 
made, the String is not moved upon the Priſms, 
nor is the Weight P raiſed np, but only the Part 
AB is extended by theſe Inflections. 
In the Inflections of the String, the Sagittæ 
are meaſured by the Diviſions on the Plate ed; 
for the End g of the Index ge does always deſcend 
equally with the Point C in every Inflection. 


Experiment 1.] Let P be a two Pound Weight, 250 


and let the Wire be inflected at C with the Weight 
of an Ounce, that is, with the Weight of the 
Scale and Index fy ; and obſerve the Diviſion of 
the Plate ed, to which the End gof the Index 


Ig deſcends. Change the Weight P to 4 Pounds, 


and alſo double the Weight by which the String 
is inflected, that g may deſcend to the ſame Divi- 
ſion, and this Weight will be two Ounces: Three 
Ounces will give the ſame Inflexions, when the 
W eight P is of fix Pounds. 


From this Experiment it follows, that the 21 


MWeigbt, lyubichallibreisincreaſed a certain Lengih 
by its ſtretching, is in the different Degree Tenſion, 


_ asthe Teuſion itſelf ; if, for Example, there be 


three 


C 63 
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three Fibres of the ſame Kind, Length, and 
Thickneſs, whoſe Tenſions are as 1, 2, and 3; 
any Weights in the ſame Proportion will equally 


_ ſtretch thoſe Fibres. | 
252 The leaſt Lengthenings of the ſame Fibres are to 


one another nearly as the Forces by which the Fi- 
bres are lengthened. As for Example, let a Fibre 
be ſtretched with the Weight of 100 Ounces, if 
it be ſeparately lengthen'd with the Weights of r 
Ounce, 2 Ounces, and 3 Ounces, the Lengthen- 
ings will be nearly as 1, 2, and 3; that is, each 
Ounce ſuperadded doesequally lengthen the Fibre: 


For the Tenſions by the Weights of 100, 101, 


and 102 Ounces, by which the Fibre is ſtretch'd 
in each Caſe, when an Ounce is ſuperadded, do 
not ſenſibly differ from each other. | 

The Property of Fibres may be applied to 
their Inflexion, and is of great Uſe. Let the 
Wire AB (Plate XVII. Fig. 3.) be ſo inflected, 
as to acquire the Poſitions Ac B, Ac B, and 
ACB, yet ſo that in the greateſt Inflexion the 
Sagitta may not be; Inch long, ſuppoſing the 
Wire 2 Feet and a Half; In thoſe Caſes the 
Lengthenings of the String are very ſmall, there- 
fore they are in the Ratio of the Forces that 


* 252 produce them, * and they ſerve to expreſs them; 


letcD expreſs the Force by which a String is 


ſtretch'd when it is not inflected, and with the 


Center B deſcribe the Circle D4; the Lines d c, 
ac, d C, which are longer than c D by the Quan- 


tity by which the Fibre was lengthened in every 


Caſe, expreſs the whole Forces, by which the 


Fibre is ſtretched in every Caſe. But here the 


Arc Dad is hardly of one Degree, and D is al- 
ways far enough diſtant from the Point c, where- 
fore D4 may be looked upon as a Right Line 


parallel toc C, and the Lines cd, cd, C d have 


the ſame Ratio to the Lines 6 B, c B, CB. There- 
| | fore 


fore 


OA «os 
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fore the Point C is always drawn towards Be and 
A, by Forces proportionable to the Line C B or 
CA; and the Force by which the Wire is in- 
fected, whoſe Direction is along cC , is as the 


double Sagitta, or as the Sagitta itſelf. There- * 203 
fore in all the leaſt Inflexions of a Chord, Muſical 253 


String or Wire, the Sagitta is increaſed and dimi- 
niſhed in the ſame Ratio as the Force with which 
the Chord is inflected. 8 5 


Experiment 2. Plate XVII. Fig. 2.] Let the 
Wire AB, ſtretched by any Weight, be inflected by 
the Weight of 1, 2, and 3 Ounces; the Deſcents 
of the Point g, that is, the Sagittz themſelves are 
to one another as 1, 2, and 3. 


In Chords of the ſame Kend, Thickneſs, and 254 


which are equally ſtretched, but of different Lengths; 
the Lengthenings, which are produced by ſuperadding 
equal Weights, are to one another as the Lengths 


of the Chords. This is plain, becauſe the Chord 


is equally ſtretched in all its Parts; therefore the 
Lengthening of a whole Chord is double the 
Lengthening of half of it, or of a Chord of half 
the Length. 


As to the Inflexion of thoſe Chords, let AB, 


ab, (Plate XVII. Fig. 4) be Chords of the ſame 
Kind and Thickneſs, but of different Length, 
equally ſtretched, and ſo inflected, that A CB 
ſhall be the Poſition of the firſt, and 446 that of 
the laſt; and let the Triangles B Ce, and 4D d 


be ſimilar: B is to Db, that is, the Lengths of 
the Chords are as CB to 4+; therefore the 
Chords are lengthened in Proportion to their firſt 


Length, and conſequently they are drawn by 


equal Force in the Directions hd, ad, BC, AC: ** 254 
Bur by the Likeneſs of the Triangles above- men- 255 

tioned, the Forces alſo acting along c C and D 4 
are equal to one another , and the Sagittæ 


D 4, 
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Dad, are as the Lengths of the Chords; which | neſs 
does therefore, ceteris paribus, obtain in unequal | Mac 
and inflefted Chords. Plac 


Experiment 3. Plate XVII. Fig. 2.] Let the the; 
Chord A B be ſtretched by any Weight, having L 
fixed the Priſms H, H, at the ſixth Diviſion on ed a 
each Side: Now let it be inflected with amy AC 
Weight, ſo that the Sagitta may be equal to fix will 
Diviſions of the Plate e 4. Let the Priſms be Mot 
brought to and fixed at the fourth Diviſion on the 
each Side, and the Sagitta will be equal to four Poir 
Diviſions of the Plate; and fo on for any Poſition reta 
of the Priſms. | deſt 

One may compare together Fibres of the ſame} Poir 
Kind, but different Thickneſs; they may be look- Poit 
ed upon as made up of ſeveral very fine Fibres of fl rity 
the ſame Thickneſs, whoſe Number in the above-ſſ rity 
mentioned Fibres muſt be taken in a Ratio of the turr 
Solidity of thoſe Fibres, that is, as the Squares the 
of the Diameters, or as the Weight of the Fibres} Cau 

when their Lengths are equal. Therefore theſe upo 
Fibres will be equally ſtretched by Forces that are ir 

in the ſame Ratio of the Squares of the Diame- witt 
ters; which Ratio alſo is required between the and 
Forces by which the Chords are inflected, that are 
the Sagittæ may be equal in the given Fibres I 
But by diminiſhing the Force by which the Fibre ne 

is ſtretched in the ſame Ratio as the Force by] infle 
250 which it is inflected, the Sagitta is not changed are 
256 Therefore, if the Forces by which the Fibres are pare 
ſtretched be equal, and they are infletted by equal duh 
Forces, even in that Caſe alſo the Sagittæ will be bing 
equal, however different the T hickneſs be. | For 


N 


Experiment 4. Plate XVII. Fig. 2.] Take am Sn 
Chords of the fame Kind, and unequal Thick ano 
7 Ov 5 20 155 
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ich neſs; and let them be ſeparately applied to the 
ual Machine, leaving the Priſms H H in the ſame 
Place; if they be ſtretched by the ſame Weight 
P, and alſo be inflected by the-ſame Weight L, 
the the Sagittz will be equal. 
ing Let the Chord A B (Plate XVII. Fig. 1.) ftiretch- 257 
on i ed any bow, be ſo inflected as to acquire the Figure 
my AC B, ben left to itſelf, and by its Elaſticity it 
ix £ will return to its firſt Figure, and in that Caſe the 
be Motion of the Point C is accelerated; for when 
on the Chord is let go from the Poſition A CB, the 
dur Point C is moved with the Force that is able to 
ion retain it in that Poſition. This Motion is not 
deſtroyed, but there is ſuperadded to it, in all the 
mel Points of the Sagitta, the Force by which the 
Ok- Point C might be retained in them. The Cele- 
of rity is the greateſt of all at c, and by that Cele- 
ve: rity the Point C is carried farther, and then re- 
the turning, it will perform ſeveral Vibrations, ih which 
res the Point C runs out but ſhort Spaces; for which | 
res} Cauſe the Force, by which the Point C is acted | 
eſe upon in all Diſtances from c, is as the Diſtance 
are in each Point. Therefore the Motion agrees * 253 
ne- with the Motion of a Body vibrating in a Cycloid, 
the and bow unequal ſoever the Vibrations are, they 
hat are performed in the ſame Time. x * 185 1 
res, If there be two equal and ſimilar Chords, but 258 
bre unequally ſtretched unequal Forces are required to | 
by inflect them equally ; therefore the Vibrations =_ 
{1 *F are performed in unequal Times. One may com- —_ 
are pare their Motions with the Motions of the Pen- I 
na dulums which vibrate in Cycloids *, and deſcri- 257 
be bing ſimilar Cycloids by different Forces ; which 
Forces are inverſly as the Squares of the Times of 
the Vibrations. * In Chords therefore likewiſe 6 16; 
Squares of the Times of the Vibrations are to one 
another inver/;y, as the Forces by which they are 
5 N equally 
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equally infected; which are as the Weights by 


250 which the Chords are ſtretched. * - 
259 ben the Chords are ſimilar, equally frretched, 


but of different Lengths, their Motion muſt be 
compared with that of Pendulums by another Me- 
_ thod; for as the Times of the Vibrations are to be 


'* conſider 'd,theCeleritiesalſo,with which the Chords 


are moved, mult alſo be conſidered: And in the 
Chords A CB, à d b (Plate XVII. Fig. 4.) whoſe 
Sagitte are equal, and in which the Points C and 4 
may be conſidered as deſcribing ſimilar Cycloids, 
the Celerities, with which thoſe Points are moved 
in correſpondent Points, are to eachother in an in- 
verſe Ratio of the Squares of the Times of the 


* 16; Vibrations. In Pendulums and equal Chords, 


the Forces are taken for the Celerities ; becauſe in 


77, 6; thoſe Caſes they are in the ſame Ratio. 


Let the Chords A C, a b, be divided into very 
ſmall Parts, but each into an equal Number of 
Parts; the Ways to be run thro' by correſpon- 
dent Parts, ſuppoſing the Sagittæ equal, will be 
equal, and theſe ſmall Parts will perform ſimilar 
Vibrations; but the Particles of Matter in the 
correſpondent Particles are as the whole Chords: 


That therefore their Celerities may be determined 


in correſpondent Points, the Forces with which 
the Chords are inflected, when the Sagittæ are 
equal, muſt be divided by the Quantity of Mat- 
ter in the Chords, as it follows from Numb. 
64. It is therefore plain, that thoſe Celeri- 
ties are to one another directly as the Weights 
by which the Chords are inflected, and inverſly 
as the Quantities of Matter in choſe Chords, 
that is, inverſly as their Lengths: But thoſe 
Weights are alſo in an inverſe Ratio of the 


* 255 Lengths of the Chords; “ therefore the Celeri- 
*5* ties are in an inverſe duplicate Ratio of thoſe 


Lengths, that is, inverſly as the Squares of the 
Lengths ; 5 
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Length; and then, as was ſaid before, the Squares 


s of the Times of the Vibrations will alſo be in that 

k inverſe Ratio. The Lengths therefore of the Chords 

8 will be as the Times of the Vibrations. 5 
Fn One may, in the ſame Manner, compare the 269 
e Times of the Vibrations of Chords of different 

I Thickneſs, ſuppoſing the Chords equal, and ftretched 

& with equal Weights ; the Quantities of Matter are 

>. | 4s the Squares of the Diameters ; therefore to de- 

4 termine the Celerities of the correſpondent Points, 
the Weights, by which the Chords are inflected, 


3 are to be divided by thoſe Squares, when the 
I S2gitte are equal; * the Celerities therefore are * 256 
e I! inverſly as the Squares of the Diameters, and 
therefore the Diameters are as the Times of the 
n || Vibrations. Tor | 
Any Chords of the ſame Kind being given, the 261 
y | Durations of the Vibrations may be compared to- 
e I! gether ; for they are in a Ratio compounded of the 
„  72nerſe Ratio of the ſquare Roots of the Weights, 
e Y hich the Chords are ſtretched,* of the Ratio * 258 
| of the Lengths of the Chords, and the Ratio of * 259 
je he Diameters.** If you multiply the Diameters 26 
; by the Lengths, and divide the Product by the 
d | fquare Root of the Weight that ſtretches the 
h || Chord, and go thro' the ſame Operation for ſe- 
e | veral Chords; the Quotients of the Diviſion 
t- will be to one another as the Times of the Vi- 
5. | brations. 3 5 | 
* Elaſtic Plates may be conſidered as a Conge- 262 
ts J ries, or Bundle of Chords; when the Plate is in- 
y flected, ſome Fibres are lengthened, and there 
s, are unequal Lengthenings in ſeveral Points of the 
ſe Plate; now the Curve, which is formed by the in- 
e | Befted Plate, may be diſcovered from what has 
j been ſaid concerning Chords. | | 
2 By comparing together the Inflexions of the 263 
je ame Plate, they are proportional to the Forces by 
| K with 
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which the Plate is bent. Let AB (Plate XVII. 
Fig. 5.) be an elaſtic Plate or Spring, whoſe End 
A is fixed, and let it be inflected by two Forces, 
264 ſo as to be brought into the Poſition ab and ab; 
if the one be doubled, the other, & & and b B, will 
be equal; and therefore in the Vibrations the 
Motion of the Spring is accelerated in the ſame 
* 253 Manner as the Motion of a Chord *, and the Mo- 
* 156 tion of a Pendulum in a Cycloid *; and the Vibra- 
tions of this Plate are performed in the ſame 
So oy en e 89 > 
Experiment $5. Plate XVII. Fig. 6. The Spring 
A is made up of ſeveral elaſtic Plates, and put 
into the Box B, and there moves on each Side; 
between the Rulers c 4, c d, two Strings are 
fixed to the upper Part of the Spring, and run 
thro* the Holes e, e, in the Bottom of the Box. 
A If you hang half a Pound upon the Threads, it 
= will deſcend half an Inch; add another half 
= Pound, and it will deſcend half an Inch more; 
and ſo on, till the Spring can be compreſſed no 
Reer g de, | 5 
Each ſmall Plate is bent in Proportion to the 
Weight; and the Motion of the Weight, on ac- 
count of all the Inflexions together, follows the 
| ſame Proportion. The Experiment is made with 
2 ſeveral Plates joined together ; becauſe in va- 
= rious Inflexions the Direction of the Action 
of the Weight on the Plates is not ſenſibly 
changed. . 55 
265 What has been ſaid of the Inflexion of Plates 
may be applied to the curve Plate or Spring 
ACR (Plate XVII. Zig. J.) If it be preſſed by 
two Weights, ſo as to acquire the Poſition ac E, 
42 e , and the Weights are to each other as 1 to 
* 263.2, the Diſtances c and ,c will be equal * : 
Therefore the bending in of the Spring, or Spaces 
F ee e gone 
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I. gone thro* by the Point C, are as the Weights 

d with which the Plate is preſſed. Which may alſo 

85 be applied to the bending in of ſeveral Plates 

3 Joined together. | 3 5 

ll The Ball AC B (Plate XVII. Eig. 8.) being 266 
made of an elaſtic Subſtance, may be conſidered 
je as conſiſting of ſeveral Plates; and the Intro- | 
” ceſſions (or Yieldings inward) of the Point C will | 
* be proportionable to the Forces with which the 


” Body is compreſſed. 
Let the Point C of the Ball ACBE (Plate 
'S XVII. Fig. 9.) ſtrike ſeveral times againſt any 


" Plane, and let that Point go inwards to 4, 4, and 

'3 D; the Strokes will be to each other as the Lines 

e Ca, Cd, and CD. At the firſt Stroke the Part 

* a bc becomes flat, the ſecond Stroke a 0h is flat- 

X. tened, and the third AC B: As here we always 

1 conſider the leaſt Arcs, the Arcs (that is, the Dia- 

If meters of the plane Surfaces made by the Strokes,) 

3 are to one another ſenſibly as the Chords C a, 

* Ca, and C A; therefore the Surfaces are as the 
Squares of thoſe Chords ; in which Ratio alſo, 

25 from the Nature of the Circle, are the Lines 

80 Cd, Cd, and C D, which are to each other 

ng as the Strokes. Therefore in elaſtic Spheres, the 268 

h Planes made by the Strokes follow the Proportion of 

5 / ĩ ͤ TER) 

y Experiment 6.] Take a flat Piece of blue Mar- 
ble made faſt in a horizontal Poſition, and a lit- 

a tle wet, ſo as to make the Colour the more in- 


5 tenſe ; if you let an Ivory Ball fall upon this 
F Plane, that Part of the Ball, which by being made 
's flat applies itſelf to the Stone, leaves a very 
hee round Spor in the Surface of it; Let the Ball 
fall from the Height of 9 Inches, and the Spot 
85 be E: then let it fall from the Height of 3 Feet 
a which is the Quadruple of the other, and the 
K 2 Spot 
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Spot will be F ; laſtly, let it fall from the Height 

of 6 Feet and 9 Inches, which is nine times the 
firſt, and the Spot will be G. In that Experi- 
ment, the Strokes of the Body againſt the Stone 

* 131are to each other as 1, 2, and 3 *: In which 
239 Ratio alſo are the Spots E, F and GE; for if you 
draw the Right-angled 'Triangles DAB, DBC, 

in which the Sides D A, AB, BC, are equal to 
one another, and to the Diameter of the Spot E, 
the Line B D will be exactly equal to the Diame- 
ter of the Spot F, and the Line C D to the Dia- 
meter of the Spot G. 


End of the FIRST Book. 
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ELEMENTS 
Natural Philo phy, 


CONFIRMED BY- 


EXPERIMENTS. 


BOOK EL 
Air 07 the Gravity, Profiles, an 
Reſiſtance of FLUIDS, 
CHAT K« 


Of the Gravity of the Parts of Fluids, and 
irs Effect in the Fluids themſelves. 


AI FLUID is a Body whoſe Parts 
N yield to any Force impreſſed, and 


S dy yielding are very eaſily moved 
one amongſt another. Whence it 


this, 7 bat the Parts do not ſtrongly cohere, and 
that the Motion is not hinder'd by any Inequality 
in the Surface of the Parts, as it happens in Pow 


ders, 
But 


follows, that Fluidity ariſes from 269 


1 tha. a — —— Y 14 | 
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But the Particles, of which Fluids conſiſt, are 
of the ſame Nature with the Particles of other 
Bodies, and have the ſame Properties ; for Li- 
quids are often converted. into Solids, when there 
is a more ſtrong Coheſion of them, as in Ice. On 


the contrary, melted Metals give us an Inſtance 


of a Solid changed into a Fluid. 


270 Fluids agree in this with Solid Bodies, viz. L hat 


they conſiſt of heavy Particles, and have their Gra- 
vity proportionable to their Quantity of Matter, in 
any Poſition of the Parts. If in the Liquid itſelf 
that Gravity be not ſenſible, it is owing to this, 
that the lower Parts ſuſtain. the upper, and hinder 
them from deſcending : But it does not follow 
from thence, that the Gravity is taken away ; be- 
cauſe a Liquid contained in a Veſſel will preſs 
down the End of a Balance, which carries the 
Veſſel, in Proportion to its Quantity. The fol- 
lowing Experiment will alſo ſhew, that the Gra- 
vity is preſerved in any Part of the Liquid. 

In this, as well as in other hydroſtatical Expe- 
riments relating to the Gravity of Fluids, we uſe 
a very exact Pair of Scales, differing from common 
Scales only in this, that each Scale has a Hook 
VV under it, Plate XVIII. Fig. 1.) for ſuſpend- 
ing ſuch Bodies as are to be immerſed in Liquids. 


272 The Balance itſelf hangs by a Line which goes 


round two Pullies TT, and is faſtened to a 


Weight P, Plate XVIII. Fig. 1.) that, by moving 


the Weight, the Balance may be conveniently 
raiſed and depreſſed, and ſuſpended at any 


. 


Experiment 1. Immerſe in Water the Phial D 
eloſe ſhut, and hanging by a Horſe-hair, and 
balance it with the Weight in the oppoſite Scale; 

then, without taking the Phial out of the Water, 
open ity and let it be filled with Water, and you 
FVV W T to» will 
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will find, that the Water in the Phial will bring 
down the End of the Balance, altho' it has no 
Communication with the external Water: If you 
reſtore the Æquilibrium, by putting more Weight 
into the oppoſite Scale, the Phial will remain 
ſuſpended in any Part of the Water. 


From this Gravity it follows, that e Surface 272 


of a Fluid contained in a Veſſel, to keep it from 
flowing out, F it be not preſſed from above; or if 
it be equally preſſed (for that makes no Alteration) 
Will become plain, or flat, and parallel to the Ho- 
ri Son. For, as the Particles yield to any Force 
impreſſed, they will be moved by Gravity, *till 
at laſt none of them can deſcend any lower. 


The lower Parts ſuſtain the upper, and are preſ- 273 


fed by them; and this Preſſure is in Proportion 
to the incumbent Matter, that is, to the Height of 
the Liquid above the Particle that is preſſed; but, 
as the upper Surface of the Liquid is parallel to 


the Horizon, * all the Points of any Surface, which * 272 


you may conceive within the Liquid parallel to 
the Horizon, are equally preſs'd. 


If therefore in a Part of ſuch a Surface there 274 


29 a leſſer Preſſure than in the other Parts, the Li- 
quid, which yields to any Impreſſion there, will 
be mov'd, that is, wif aſcend, till the Preſſure 

becomes equal. N | 


Experiment 2. Plate XVIII. Fig. 2.) Take a 
Glaſs Tube C open at both Ends, and ſtopping 
one End with your Finger, immerſe th& other in 
Water ; when the 'Tube is full of Air, the Wa- 
ter will riſe in it but to a very ſmall Height: If 
you take away your Finger, that the Air that is 
compreſſed may go out, the 7maginary Surface (as 
Mr. Boyle uſed to call it) that you conceive in the 
Water, juſt at the Bettom of the Tube, and pa- 
rallel to the Horizon, is leſs preſſed juſt againſt 

4 ́ 


136 Mathematical Elements 


275 


the Hole of the Tube, ſo that the Water will 


riſe up into the Tube till it comes up to the ſame 


Height with the external Water. 

he Preſſure upon the lower Parts, which ariſes 

from the Gravity of the ſuperincumbent Liguid, 

exerts itſelf every Way, and every Way egually. 
Which follows from the Nature of a Liquid, 


for its Parts yield to any Impreſſion, and are eaſily. 


moved; therefore no Drop will remain in its 
Place, if, whilſt it is preſſediby a ſuperincumbent 


Liquid, it is not equally preſſed on every Side: 


But it cannot be moved on account of the neigh- 


bouring Drops, which are preſſed in the ſame 


Manner, and with the fame Force, by the ſuper. 
incumbent Liquid ; and therefore the firſt or low- 


eſt Drop is at reſt, and equally preſſed on all Sides, 
that js, in all Directions. | | 


Experiment 3. Plate XVIII. Fig. 2.] Let the 
Glaſs 'Tubes A, B, D, be immerſed in Water, in 


the ſame Manner as in the laſt Experiment; and, 


upon taking away the Finger, the Water will riſe 
in all the Tubes to the ſame Height as in the 
Tube C: In C the Preſſure is direct 


liquely; yet the Preſſure is equa] in each. If you 
pour in a greater . of Liquid into the 


Veſſel, it will alſo riſe equally in each Tube. 
276 Hence it follows, that 2 the Particles of Liquids 


277 


upper Surfaces are in the ſame horizontal Plane; 
which js eaſily deduced from what has been ſaid. 


are preſſed equally on all Sides, and therefore are 
at reſt; and that they do not continually move 
among themſelves, as ſeveral have ſuppoſed. 
In Tubes that have a Communication, whether 
equal or unequal, whether ftreight or oblique, a 
Fluid riſes to the ſame Height; that is, all the 


Plate 


Book II. 


d upwards, 
in B downwards, in A ſidewiſe, and in D ob- 
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Plate XVIII. Fig. 3.] Let A be a Veſſel, and B 1 
a vertical Tube, and D an inclined Tube; they | 
muſt communicate by Means of the 'Tube C, E: 

Let there be a Liquid poured into them, and let 

fg» be a Surface parallel to the Horizon. If the 
Heights Fi and g be unequal, the Water will 
aſcend where that Difference is leaſt. * For the * 274 
ſame Reaſon, unleſs the Preſſures at g and h be 
equal, the Water will not be at reſt ; but they are 

equal when Z and are in the ſame horizontal 
Plane: For ſince the Preſſure ariſes from the Gra- 

vity of the Parts, which tends towards the Center 

of the Earth, the Height of the preſſing Liquid 

muſt be meaſured according to that Direction, that 

is, it will be + n; but the Obliquity of the Column 

h 1 cauſes no Change, becauſe at the ſame Depth 

the Preſſure every Way is equal.“ * 275 


Experiment 4. Plate XVIII. Fig. 4.] Pour 278 
Water into the Machine repreſented by Fig. 3. 
and after any Agitation it will not reſt, unleſs all 
the Surfaces be in the ſame horizontal Plane. 
The Glaſs Veſſel A is joined to the Glaſs Tubes 
B and D, by Help of the Braſs Tube CE. 

All Liquids are not equally heavy, that is, 
have not the ſame Quantity of Matter.in the ſame 
Space; but what has been ſaid will agree to every 
Liquid by itſelf. - 

When Liquids of different Gravities are con- 259 
tained in the ſame Veſſel, the heavieſt lies at the 
loweſt Place, and is preſſed hy the lighter, and that 
in Proportion to the Height of the lighter. 


Experiment 5. Plate XVIII. Fig. 5.) Take Wa- 
ter tinged with ſome Colour, and pour it into 
the Glaſs Veſſel A to the Height of he; im- 
merge into it the Glaſs 'Tube 4 E ; the er 

wi 
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* 274Will riſe in it to the Height þc. * Now pour in 
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Oil of Turpentine, which is a Liquid lighter 
than Water, and immediately the Water will riſe 
in the Tube; and ſo much the higher as the Oil 
is poured in, to a greater Height: Yet the Water 
in the Tube does not riſe to the ſame Height as 
the Oil in the Veſſel; becauſe, ſince Water is hea- 
vier, there is not required the ſame Height of 
Water as there would be required of Oil to pro- 
duce the ſame Freſſure. KF 

If you have a Mind to try this Experiment 
with Mercury and Water, you will find a greater 
Difference in their Heights, by reaſon of their 
greater Difference of Gravity. 2 


Experiment 6. Plate XVIII. Fig. 6.] Let the 
End of a Tube be immerſed in Water, and pour 
Oil into it. The Water in the Tube is depreſs'd 
as far as d; yet the Height of the Oil d e is great- 
er than the Height of the Water in the Veſſel. If 
the Tube be immerſed deeper, the Water will run 
into it in greater Quantity ; if you raiſe it up, 
the Water will again go out at a, and the Water 
in the Tube 4 e follow it, if it be raiſed to ſuch 
a Height, that the Preſſure of the Oil may over- 
come the Preſſure of the Water in the lower Part 
of the Tube. 15 9 5 


r 
OF the Actions of Liquids againſt the Bottoms 
and Sides of the Veſſels that contain them. 


280 TJ HE Bottom and Sides 'of a Veſſel, which con. 
| tain'a Liquid, are preſſed by the Parts of 


the Liquid which immediately touch them ; and be- 
126 Cauſe Re- action is equal to Action, & thoſe Parts 
all ſuſtain an equal Preſſure. But, as the Preſſion of 
DP”. „ Liquids 
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Liquids is equal every Way, the Bottom and 
Sides are preſs'd as much as the neighbouring 
Parts of the Liquids ; therefore this Action in- 


creaſes, in Proportion to the Height of the Liquid, * 275 
and is every Way equal at the ſame Depth, de- 73 


pending altogether upon the Height, and not at 
all upon the Quantity of the Liquid. Therefore, 
when the Height of the Liquid and Bigneſs of 
the Bottom remain the ſame, the Action upon 
the Bottom is always equal, however the Shape 
of the Body be changed. In every Caſe the Pref- 
ſure, ſuſtained by the Bottom, is equal to the 
Weight of a Column of Water, whoſe Baſe is 
from the Bottom itſelf, and the Height of the 
vertical Diſtance of the upper Surface of the Wa- 
ter from the Bottom itſelf, 


Plate XVIII. Fig. j and 8.] Take the hollow 28x 
Cylinder A, open at both Ends, and finely po- 
liſhed within, whoſe Diameter and Height alſo 
are about three Inches and an half; the Ring E is 
faſtened to it by a Screw, ſo as it may be ſuſtain- 
ed by a Trevet. | 

Let the Cylinder have a moveable braſs Bot- 
tom F, with which the braſs Ring E, having a 
Screw in the Inſide, is joined: This Ring retains -. 
and fixes a Leather Ring, broader than the Bottom, 
all round by half an Inch ; this Leather covers the 
external Surface of the braſs Ring when the Bot- 
tom 1s thruſt into the Cylinder, and it hinders the 
Water from going out when it is moved up and 
down. This Leather muſt be ſoaked in Oil, and 
after a few Days it muſt be taken out and ſoaked 


as long in Water; after which Preparation the 


Leather muſt be well anointed with Oil and Wa- 
ter, and moved ſeveral times up and down the 
Cylinder, and left in it in that Condition two or 
three Days. When you axe going to uſe the my 
„„ 5 N chine 
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chine, you muſt anoint the Leather again with Oil 
and Water, then the Bottom will move eaſily» 
and hold Water. The Leather muſt be neither too 
thick nor too thin, which muſt be left to the 
Judgment of the Workman. 

The Bottom has in its Middle a ſmall Braſs 
Cylinder + i faſtened to it, by which the Motion 
of the Bottom is directed ; for this Cylinder goes 
thro*' the Hole 12 in the Plate &, which is laid 
upon the larger Cylinder 4, and let into it by a 
Cut in the Edge. In the upper Surface of the 
Cylinder Yi there is a Cavity which contains a 
Ecrew, by which the Bottom is joined to the 
Braſs Wire z p, which is carried through the 
Tube D, that the Bottom may be faſtened 
to the Brachium of a Balance by the Help of this 
Wire. | 

Let the Cylinder A have the Cover C laid up- 
on it ; and, to hinder the Water from running 
out, the Mouth of the Cylinder muſt be cover'd 
with a Leather Ring, which is ſtrongly prefled by 
the Screw which joins the Leather Cover to the 
Cylinder. To the Cover and Cylinder itſelf may be 
added a Handle, that the Cylinder may the more 
eaſily be ſhut and open'd. The Cover has a Hole 
in the Middle, and the hollow Cylinder /, which 
has a Screw on the Outſide, is faſten'd to it, that 
the Tube 4 may be joined to the Machine with 
a Leather upon the Screw, to hinder the Water 
from coming out. 


Experiment 1. Plate XIX. Fig. 1.] Having 
joined together all the Parts of the Machine in 
the Manner juſt mentioned, hang upon one End 
of the Beam of a Balance the Braſs Wire which 
is fixed to the moveable Bottom, ſo that the 
Eeam may be exactly horizontal when the Bot- 
tom is two Inches diftant from the Cover ; then 

put 
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put ſuch a Weight in the oppoſite Scale as will 
make an Ægquilibrium with the Weight of the 
Bottom only. Let the Tube be one Foot long; 
and, the Beam of the Balance being placed hori- 
zontal, pour Water into the Tube D, ſo that it 
may riſe up to its upper End; another Weight of 
4 Pounds, being put into the upper Scale, will 


you diminiſh or increaſe this Weight, the Bottom 
will move upwards or downwards. But you muſt 
obſerve, that, in altering the Weight, you muſt 
put in, or take out a pretty conſiderable Weight; 
for Example, half a Pound, becauſe of the Fri- 
ction of the Bottom. 
The Diameter of the Bottom is almoſt 3 
Inches, and the Height of the Top of the Water, 
in this Experiment, is 14 Inches ; the Weight of 
a Pillar of Water of that Height, whoſe Baſe is 
equal to the Bottom, is 4+ Pounds; and juſt ſo 
much does the Water preſs againſt the Bottom; 
tho there be but a ſmall Quantity of Water in 
the Machine. 

Since only the Motion of the Bottom is to be 
obſerved, the Machine is to be fix'd down, leſt it 
ſhould be wholly raiſed ; which is done by laying 


Plate XX. Fig. 1. 


Experiment 2. Plate XIX. Fig. 2.] Having 
taken away the Cover and the 'Tube, join the 
Cylinder A to the Veſſel DE, which has at the 
Bottom a Ring with a Screw. Into this Ma- 
chine pour Water upon the Bottom as high as in 
| the foregoing Experiment; the reſt of the Expe- 
I riment is made in the ſame Manner as the former, 


not changed, tho' you alter the Figure of the 


Veſſel 
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make an AÆquilibrium with the Water; and, if 


ſuch Weights upon it as are repreſented by PP, 


and the Succeſs is the fame ; for the Preſſure is 


| 
| 
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high; in the Side towards the Bo 
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Veſſel and the Quantity of the Water, provided 
you keep the Water to the fame Height. 


Experiment 3. Plate XIX. Fig. 3. Hang the 
Cylindrick Veſſel A to the End of a Balance, 
which Veſſel muſt be fill'd in part by a wooden 
Cylinder De, which Cylinder is fixed any how 
to the Piece of Wood BC, and neither Vol 
the Sides nor the Bottom of the aforeſaid Veſſel ; 


if you pour Water into this Veſſel to any Height, 
and make an Equilibrium by putting Weight; 
in the oppoſite Scale, that Weight will be the 


Weight of the whole Water which would be 


contained in the Veſſel, the Cylinder being taken 
away, ſuppoſing it filled to the ſame Height as in 


the Experiment. And ſo a ſmall Quantity of 
Water, whoſe upper Surface is raiſed, ſo as the 
Preſſure againſt the Bottom be increaſed, will 
ſuſtain a great Weight. 

It will viſibly appear, that the lateral is . 
to the vertical Preſſure, making uſe of the Wiler 
ing Machine 

Plate XIX. Fig. 4] The Veſſel DB. is a Pa- 
rallelopiped of Wood about a 921 and a Half 

om there is 
2 Hole in which there is a Braſs Ring containing 
a Screw, that the Cylinder A, mentioned in the 


bags and ſecond Experiments, may be ſcrewed to 


Here you muſt take away the Trevet which 


ſuſtained the Cylinder in thoſe Experiments, and 
was fixed to the lower Rin 


by Screws. Now 
the Motion of the Bottom, in the Cylinder is 
horizontal. Two croſs Pieces of Wood are Joined 


to the Sides of this Machine, one of which is 


ſeen in G H; along them the Ruler C C is 
moved horizontally, which is wider in the Mid- 
dle towards E, that by its Motion the Bottom 


of the Cylinder may be thruſt inwards, "_ 
the 
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the Ruler preſſes a little below the Center. At 
CC Ropes, as CE, are faſten'd to this Ruler, 
which are ſtretch'd along the Pieces as G H, 
and going over Pullies at the Extremities of 
the ſaid Pieces, as T, have Weights joined to 
them, as P. 5 7 


Experiment 4.] Pour Water into the Veſſel BD, 
ſo that the Surface of the Water may be higher 
by 14 Inches than the Ruler C C; let the Weights, 
as P, be of 2 Pounds and a Quarter each; ſo that 
both taken together ſhall amount to 4 Pounds 
and a Half, the Preſſure of the Water will ſuſtain 
that Weight, and the Bottom in that Caſe will 
be moved with the ſame Eaſe towards either 
Part. | F bf | KL 

The following Experiment proves that the 
Force, with which Water preſſes upwards, is equal 
to that with which it preſſes downwards and ſide- 
wiſe. 5H T60 dq Halte Hi 


Experiment 5. Plate XX. Fig. 1. In the Middle 
of the upper Surface of the Block or Foot B there is 
a Cylinder of about 2 Inches Diameter, on which 


vou muſt put the moveable Bottom of the Cylin- 


der A, ſo often mentioned; ſo that, the Bottom 
remaining fix d, the Cylinder may be moved. 
The Cylinder muſt have its Cover on, and to it 
the Tube D, 3 Foot and a Half long, muſt be 
faſtened; pour in Water, by which, the Bottom 
remaining fix d, the Machine will be raiſed; put 
the Weights PPP, which altogether 'weigh 9 
Pounds, upon the Cover, and they, with the 
Weight of the whole Machine, will be ſuſtained 


by the Water in the Tube; but the Weight of 


the Machine is more than 3 Pounds and a' Halt. 
The Force, which acts againſt the Cover, 
is equal to the Weight of a Pillar of Water, 


whoſe 
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whoſe Baſe is the Cover, excepting the Hole to 
which the Tube is fix'd, and whoſe Height is the 
Height of the Water-Tube above the inward Sur- 
face of the Cover; which agrees with this Expe- 
riment. 

If you apply the ſame Tube to a greater Mas 
chine, the Action againſt the Cover will increaſe 
in the ſame Ratio as the Cover; fo that a prodi- 
__ Weight may be ſuſtained, and even raiſed 
by a ſmall Quantity of Water. 


283 Plate XX. Fig. 2.] Take two round Boards 
AB, AB, of 15 Inches Diameter, and join them 
together with a Piece of Leather, ſo that they 
may make a Cylindrick Veſſel ſomething like a 
Pair of Bellows, ſo that it may contain Water. 

There is a Hole / in the upper Board, to 
which is fix'd a braſs Cylinder that has a Screw, 
whereby the Tube D is fix'd to it, which is as 
long as the Tube uſed in the former Experi- 
ment. 


Experiment 6.] Pour Water into this Bellows 
thro* the Tube, and the Water in the Tube will 
ſuſtain the Weights P, P, P, P, P, P, all which 
together weigh more than 250 Pounds. Theſe 
Weights will even be raiſed by continuing to pour 
Water into the Tube. 

Though theſe are Paradoxes, they follow from 
the Nature of Liquidity; every Drop, which is 
at reſt, endeavours to recede every Way with 

* 275 equal Force ;* if therefore it be preſs'd on one 
Side, it endeavours to recede that Way with the 
ſame Force, becauſe Action and Re- action are 
equal, and with that very Force itſelf will preſs 
every Way. In the firſt Experiment, the Water 


which touches the Bottom, and correſponds with 
the 
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the Tube, ſuſtains the Weight of the Column of 
Water contain'd in the Tube, and reaching quite 
to the Bottom, and preſſes the Bottom with ſuch 
a Force, that it acts with the ſame Force upon 
the Water next to it; and ſince that Water can- 
not flow out againſt the Bottom, the Vater next 
to that is alſo preſs'd with the ſame Force. The 
fame may be ſaid of the Vater next to that; and 
ſo in all Parts of the Bottom there is a Preſſure 
equal to that which lies under the Vater in the 
Tube; and therefore the Bottom in this Caſe is 
as much preſs'd as if a Pillar of Water, of the 
ſame Height as the Vater in the Tube, and of 
a Baſe equal to the Bottom, ſhould lie upon it. 

| The fifth and ſixth Experiments are illuſtrated 
by the ſame Reaſoning. 

In the ſecond Experiment, ſuppoſe that the 
Cylinder A ſhould be continued, ſo as to reach 
up to the Surface of the Vater; by this Means 
the external Water would be ſeparated from the 
Water contain'd in this Cylinder, and then no 
Water but this interior Vater would preſs upon 
the Bottom, and the Bottom would ſuſtain it all. 
The Water in the Cylinder preſſes againſt the 
| Sides of the Cylinder, and the external Vater 
preſſes upon the external Surface of the Cylinder, 
and the outward Surface is preſs'd exactly in the 
+ fame Manner as the inward, and the Preſſures 
| againſt oppoſite Points are preciſely equal; ſo that 

if the Surface was taken away, theſe Preſſures 

| would deſtroy one another; therefore it is no 
| Matter, whether there be ſuch a Surface or nor, 

| ſo that taking it away (that is, taking away the 

| Continuation of the Cylinder) the Action againſt 

the Bottom is no Way alter'd. 

The third Experiment is alſo illuſtrated by 


| the Balance is not only ſuſtain'd by the Mater 
f L — 
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| what has been ſaid ; for the Weight placed in 
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in the Veſſel, but alſo by the Action of the in- 


ferior Surface in the Cylinder De againſt the 


Water, | 
Tho' all that has been ſaid depends upon the 


Gravity of Liquids, their Actions mult be di- 


ſtinguiſh'd from their Gravity, which laſt is al- 
ways PII to 5 Quantity of Mat- 
. 


CHAP. III 
4 Solids immerſed in Liquide. 


E have often aid, that the different Gra- 

vity of Bodies, whether Solids or Liquids, 

atiſes from this, that they contain a greater or leſs 
Cy of Matter in an equal Space. 


: DETINITION I. | 
T he Quantity of Matter in a Body being confi- 
aer'd in relation to its Bulk, that is, in relation 


to the Space poſſeſs d by it, is calld the Denſity 


285 


2286 


287 


of the Body. 


A Body is ſaid to have double, or triple, Oc. 


the Denſity of another Body, when, ſuppoſing 
their Bulks equal, it contains a double, or triple, 


Oc. Quantity of Matter. 


DEKFTTINITION II. 


Body is ſaid to be Homogeneous, when it is 
every where of the 7 8 Denſity. 


DEFINITION UI. 
Heterogeneous, when the Denſity is unequal in 
— Parts of the Body. 


9 Dr ET To IV. 
The Gravity of a Body, confidered with relation to 
its Bulk, is called the ſpecifick Gravity of a m 
4-4 651 e 


is 


7h 
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The ſpecifick Gravity is ſaid to be double, when 
under the ſame Bulk the Weight is double. 


Therefore the /pecifick Gravities and Denſities 288 


of Bodies, in homogeneous Bodies, are in the ſame 
Ratio ; and they are to one another as the Weights 
of equal Bodies, in reſpett to their Bulk. 


If homogeneous Bodies are of the ſame Weight, 289 


their Bulls will be ſo much leſs as their Denſities 
are greater, and under the ſame Weight the Bulk 
is diminiſhed in the ſame Ratio in which the Den- 
ſity is increaſed ; therefore in that Caſe the Eulks 
are inverſly as the Denſities. ” 

When a Solid is immerſed in a Liquid, it is 
preſs'd by the Liquid on all Sides, and that Pre- 
ſure increaſes in Proportion to the Height of the 
Liquid above the Solid; as it follows from what has 
been ſaid in the foregoing Chapter; and which 
may alſo be proved by a direct Experiment. 


Experiment 1. Plate XX. Fig. 3.) Tie a Lea- 
ther Bag S to the End of a Glaſs Tube B , and 
fill it with Mercury ; you may alſo make uſe of 
a Bladder ; let this Bag be immerſed in Hater, 
but ſo, that the End B of the Tube may be above 
the Water; by the Preſſure of the Water againſt 
the Surface of the Bag, the Mercury in the Tube 
will riſe to #2 ; and the Aſcent of the Mercury 
follows the Proportion of the Height of the Va- 
ter above the Bag. 55 1 

When a Body is immerſed in a Liquid to a 
great Depth, the Preſſure againſt the upper Part 
differs very little from the Preſſute againſt the un- 
der Part; whence Bodies very deeply immerſed, 
are, as it were, equally preſs d on all Sides; which 
Preſſure may be fuſtained by ſoft Bodies, without 
any Change of Figure, and by very brittle Bo- 
dies, without their breaking, | 


: © Experi- 
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1 Experiment 2. Plate XIX. Fig. 5.] Take a 
4 Piece of ſoft Wax of an irregular Figure, with 
= an Egg, and incloſe it in a Bladder full of Wa- 
1 ter, and the Bladder being exactly ſhut muſt be 
put into a braſs Box A; let it be covered with a 
wooden Cover O, ſo that it may be ſuſtained by 
the Bladder, lay on a Weight P of Jo or 80 
Pounds, and the Egg will not be broken, nor the 
Figure of the Wax any Way changed. 
292 A Body ſpecifically beavier than a Liquid, being 
immerſed in a Liquid in any Depth, will deſcend. 
The inferior Part of the Body preſſes the Surface 
of a Liquid which it touches, and this Preſſure 
is equal to the Weight of a Column made up of 
the Body itſelf and the ſuperincumbent Liquid, 
and with this Force the Body is carried down- 
wards. The Weight of a like Column, but which 
_ conſiſts wholly of a Liquid, is the Force by which 
* 2go the Body is preſs d upwards by the Liquid.“ But 
275 when the Solid is ſuppoſed ſpecifically lighter 
than the Liquid, this Force is leſs than that, and 
therefore is overcome by it. 

293 lt is proved by the ſame Reaſoning, That a So- 
lid ſpecifically lighter than a Liquid, and immer- 
{ed into it, muſt aſcend to the bigheſt Surface of 

the Liquid. | 
294 But ſuppoſe a Solid of the ſame ſpecifick Gravity 
with the Liquid, it will neither aſcend nor deſcend, 
but remain ſuſpended in the Liquid at any Height, 


Caſe, by reaſon of the Equality of the ſpecifick 
Gravities, the Liquid ſuſtains a Weight equal to 
the Weight of the Quantity of the Liquid, which 
would fill the Space taken up by the Body. But 
a Liquid acts in the ſame Manner upon all equal 
Solids immerſed to the ſame Depth, and will 


and the Liquid will ſuſtain the whole Body; in which ;,- 


ſuſtain ; 


reſtored. 
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ſuſtain them equally ; therefore they all lofe Part 


149 


of their Gravity. 


<Q 
DEFINITION V. 


A Weight, which keeps a Body immerſed in a Li- 295 
quid, is calledits reſpective Gravity, 

And this reſpective Gravity is the Exceſs of the 296 
ſpecifick Gravity of a Solid above the ſpecifick 
Gravity of a Liquid; for ſince a Solid immerſed 297 
in a Liquid loſes that Part of its Weight which is 
ſuſtained by the Liquid, it /o/es the Weigbt of the 
Quantity of the Liquid, which could fill the Space 
taken up by the Body. 


Experiment 3. Plate XXI. Fig. 1.) Hang the hol- 
low Braſs Cylinder E to the Balance above-men- 
tioned; “ hang the ſolid Cylinder C of the ſame * 27; 
Metal by a Horſe-hair to a Hook fix'd to the 
Bottom, which, if it be put into the other Cy- 
linder E, will exactly fill it; ſo that E, when 
it is full of Water, will contain ſuch a Quantity 
of Water as will fill the Place taken up by C; put 
a Weight in the oppoſite Scale to make an Æqui- 
librium ; let the Balance deſcend, that the Cylinder 
C may be immerſed into the Water contained in 
the Veſſel D; by that Means the Equilibrium is 
deſtroyed, becauſe C is partly ſuſtained by the 
Water; but is reftored, if E be fill'd with 
Water. | 5 
Hence it follows, that al equal Solids, but of 298 
different ſpecifick Gravity, when they are immerſed 


imo the [ame Liquid, they loſe equal Parts of their 


Weight. The laſt mentioned Experiment will 


ſucceed in the ſame Manner with a Cylinder of 
any other Metal, and by pouring in the ſame 

uantity of Water, that is, ſo much as will fill 
the Veſſel E, the Zquilibrium will always be 


L 3 


More- 


9 
. 
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299 Moreover, from what has been ſaid it follows, 

that however the Denſities of equal Bodies differ 
among themſelves, if they be immerſedin the ſame 
Liquids, the Weight which they loſe is inthe Ra- 
tio of their-Bulks, for the Spaces which they take 
up in a Liquid are in the ſame Ratio. # 
Therefore Bodies of the ſame Weight, but of 
different Denſities, loſe an equal Part of their 
Weight, when they are immerſed in the ſame Li- 
quid, becauſe of the Inequality of their Bulks. 


Experiment 4. Plate XX. Fig. g.] Let two Pieces 
of Metal of the ſame Weight, the one of Gold, 
and the other of Lead, g, g, be ſuſpended with 
the Hook VV of the Balance above-mentioned 

* 271 with Horſe-hair, * and you will have an Æqui- 
librium ; let the Balance deſcend, and the Bodies Bj 

2, g be immerged in the Water contained in the lid 
Veſſel] FE, and the Zquilibrium will be de-. BN by 
ſtroyed. When a Solid, ſpecifically heavier than I Pa 

a Liquid, is ſuſpended in a Liquid, the Liquid the 

acts on every Side againſt that Solid, in Propor- h. 

* 250 tion to its Weight, * and the Solid re- acts equally. I Bal 
againſt it; therefore thoſe Actions are the ſame I Gre 

as if the Space taken up by the Solid were fill'd I Bal 

300 with the Liquid; therefore it is no Matter, iu ſh be 
reſpect of the Gravity of the Liquid, whether: a. this 
Solid, ſpecifically beavier than the Liquid, be ſu- I bot! 
ſpended in it, or a Quantity of the Liquid be poured, out 


in, which takes up a Space equal to the Solid. | it in 

Experiment 5. Plate XXI. Fig. 2.] Take the 2 
Veſſel A containing Vater, hang it to one End of a gr 
the Balance, immerge into it the Braſs Cylinder I beer 
C, which is ſuſtained by a Horſe-hair, leſt it I Pore 
ſhould touch the Bottom of the Veſſel, putting 2 
a Weight into the oppoſite Scale, and you will I of t 


have an Zquilibrium ; take the Cylinder Court 


of 


3 


p—_ — WW ne 
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of the Water, the Equilibrium will be deſtroyed: 
and it will be reſtored again by pouring in Water 
as much as can be contained in the hollow Cy- 
linder E, which will be exactly filled by the fol- 
) lowing Cylinder C. 


By comparing together the Numb. 297 and 301 


300, as alſo the third and fifth Experiments, 
| which confirm them, it appears, that a Liquid ac- 
| quires the Weight which the immerſed Solid loſes. 
The Force of Gravity is always proportionable to 
the Quantity of Matter, and is not changed 
by the Immerſion of a Solid into a Liquid; 
| wherefore the Sum of the Weight of the Solid, 
and of the Liquid, do not differ before and after 
the Immerſion. 1 | 


Experiment 6. Plate XX. Fig. 5.] Hang the So- 
lid C to the Balance, and make an Æquilibrium, 
by putting into the oppoſite Scale B the Weights 
P and p, of which p is equal to the Weight which 
the Body C loſes in Water. Take the Veſſel E, 
which contains Water, and is ſuſpended to the 
| Balance E E, and, putting a Weight into the oppo- 
ſite Scale, make an Æquilibrium here alſo; let the 
Balance deſcend with the Body C, that it may 
be immerſed in the Water contain'd in D, by 
this Means you will deſtroy the Equilibrium in 


both Balances, which will be reſtored by raking 


/ - . ge. Py Iu ID 


Toe 


- jy OV 


„ 0 9 Lay 
J — * 5 


out of the Scale B the Weight p, and putting 
it into the Scale of the Brachium F. 


A Body ſpecifically heavier than a Liquid, and 302 


which deſcends in it, is carried downwards with 
a greater Force than it is preſſed upwards, as has 


been explained before “; the Difference of which 293 


Forces is the reſpective Gravity of the Body. 

I be firſt Force in part conſiſts of the Weight 
of the Liquid incumbent over the Body, and the 
Body may be immerſed to ſuch a Depth, that 
D E-4 thats 
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that Weight ſhall be equal to the above-mentioned 
ſpecifick Gravity: If in that Caſe you take away F 
303 the ſuperincumbent Liquid, the Body will be line 
ſuſtained by the Preſſure of the Liquid under it. a C 
If the Body immerſed to a greater Depth, and I for: 
the Liquid be alſo hindered from paſſing upon the it C 
upper Surface of the Body (becauſe the Preſſure, will 
by which a Body is puſhed up, increaſes as the and 
290 Depth to which it is immerſed)* the Body then 
will be carried upwards with greater Force than 
downwards by Gravity ; wherefore, if it could 
move freely, it would aſcend. 


Experiment . Plate XXI. Fig. 3.] Tothe Cy- 

linder C, which is open at both Ends, apply at 

Bottom the Plate of Lead F, a Quarter of an 

Inch thick; if it fits ſo exactly to the Cylinder as 

to let no Water ſlip by, and the Plate be held 

up by a Thread faſtened to the Hook V in the Cen- 

ter of the Plate, until it be immerſed with the 

Cylinders to the Depth of about 3 Inches, the 

Lead will be ſuſtained by the Water, as appears 

by letting go the Thread. If you immerge it to 

a greater Depth, it will ſtick cloſer to the Cy- 
linder; but if to a leſs, it will fall off 

If this Experiment was made with a Plate of 

Gold, it ought to be immerſed to a greater 

Depth; for the ſpecifick Gravity of Gold is to 

the ſpecifick Gravity of Water as 19 to 1; and 

therefore its reſpective Gravity is to that of Wa- 

* 296 ter as 18 to 1. * Therefore to have a Pillar of 

Water equal in reſpective Gravity to the Plate 

of Gold, that Pillar muſt be above 18 times its 

Height ; and therefore the Height of the Water, 

above the upper Surface of the Plate of Gold, 

mult be at leaſt equal to as many times its Thick- 


neſs. 
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Experiment 8. Plate XXI. Fig. 3.] Takea Cy- 
linder A with a moveable Bottom, that has alſo 
a Cover with the Tube D joined to it, as was be- 


fore deſcribed; “ immerge it in Water, and when 381 


it comes to be a Foot under Water, the Bottom 
will riſe, altho* it weighs a Pound and a Quarter, 
and has P a Pound Weight ſcrewed to it at Bottom. 


If the ſame Solid be immerſed into Liquids 304 


of different Denſity, it will loſe different Parts 


of its Weight; * And therefore, when two Bodies 297 


of the ſame Denſity and Weight are immerſed in 
Liquors of different Denfity, they will loſe their 
Equilibrium. 


Experiment 8. Plate XXI. Fig. 4.] Take two 
flat Pieces gg, of the ſame Metal and equal, 
and hang them upon the Hooks V V of the Scales 
Aand B; then by the Deſcent of the Balance 
immerge them in the Liquids contained in the 
Veſſels F F, the one in Water, the other in Oil 
of Turpentine, and the Equilibrium will be de- 


ſtroyed, the Piece which was immerſed in Oi 


becoming lighter. 


A Solid lighter than a Liquid, and immerſed in 305 


it, afcends and remains at the upper Part of the 


Liquid, * ſo as to be immerſed only in Part; but * 293 


the greater is its ſpecifick Gravity, the more it 
deſcends, and the Body will not be at reſt till the 
immerſed Part takes up ſuch a Space in the Li- 
quid, that the Bulk of the Liquid, which would fill 
that Space, ſhall weigh as much as the whole Body. 
For in another Caſe the Solid does not act with the 
ſame Force againſt the neighbouring Parts of the 
Liquid, as the Liquid would act, if it ſhould take 
up the Place of the Body; therefore in this Caſe 
alone the Liquid and the Body can be at reſt. * * : 


1 
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It follows from this Propoſition, that he i m- 
merſed Parts of the Bodies, ſwimming on the Sur- 
face of the ſame Liquor, are to one another as the 
Heights of the Bodies. Therefore if, by ſuper- 
adding a Weight, the Gravity of the Body is 
changed, the immerſed Part is increaſed in the 
ſame Proportion, and the Parts, which deſcend into 
the Liquid by laying on of different Weights, are 
to one another as thoſe Weights. | 


Experiment 10. Plate XXII. Fig. 1.] Take a 
Veſſel A containing Water in it; let C be a hollow 
Cylinder of any Metal; lay upon it the Weight p, 
that it may deſcend into the Water with its Part 
bd; adding the Weight of one Pound, meaſure 
how far it will deſcend; then adding another e- 
qual Weight, you will find that it will deſcend 
equally every Time. | 

308 In Numb. 302 and 303, confirmed by the Ex- 
periments 7 and 8, it appeared how a Body, ſpe- 
cifically heavier than a Liquid, may be made to 
ſwim; by the ſame Method a Body, ſpecifically 
lighter than a Liquid, may be retained at the Bot- 
tom: In that Caſe the Preſſure of the ſuper- incum- 
bent Water is taken off; but here you muſt take 
off the Preſſure of the inferior Water whereby 
the Body is puſhed upwards. 


Experiment 11. Plate XXII. Fig. 2. ] Upon the 
Foot D, which is fixed at the Bottom of the 
Veſſel A, there is a Braſs Plate + c exactly flat 
and poliſhed ; there is another Braſs Plate & c, 
like the former, faſtened to a large Piece of 
Cork E, ſo that together with the Cork it ſhall 
make up a Body ſpecifically lighter than Water : 
Lay this Plate upon the other, ſo that they may 
fit, and keep the Cork down with a Stick while 
you pour in Water; leaving the Cork, it will 
not aſcend until, by moving it out of its FR 
the 
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he Plates are ſeparated, ſo that the Water may 
xert its Preſſure againſt the Plate joined with 
the Cork, and puſh it upwards together with the 
Cork. 18 n 


. 


135 


Of the Manner of comparing the Denſities 
of Liquids. 


9 the Denſity of Bodies is in Proportion 309 
to their Gravity, by comparing the Weights 

of equal Bodies we diſcover their Denſities. * If * 288 
therefore any Veſſel be exactly filled with a Liquid, 

and that Liquid be weighed ; and if you make the 

ſame Experiment with other Liquids, their Weights 

will be as their Denſities. But, as this Method is 

liable to ſeveral Difficulties in Practice, I ſhall not 
ſpend any Time in explaining it here. 

When the Preſſures of two Liquids are equal, 310 
the Quantities of Matter, in Columns that have 
equal Baſes, do not differ ; * wherefore the Bulks, * 273 
that is, the Heights of the Columns, are 7nver/{/y 
as the Denſities ;* whence may be deduced the 289 
Method of comparing them together. 


Experiment 1. Plate XXII. Fig. 3.] Pour Mer- 
cury into a curve Tube A, ſo as to fill the lower 
Part of the Tube from Y to c; pour in Water in 
one Leg from h to e; in the other Leg pour in 
Oil of 'Turpentine, till both the Surfaces of the 
Mercury bc be in the ſame horizontal Line, and 
the Height of the Oil be cd: Theſe Heights will 
be as 87 to Too, which is the inverſe Ratio that 
the Denſity of the Water has to the Denſity of 
Oil of Turpentine ; and therefore theſe Denſities 
are to each other as Ioo to 87. 


The 
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The Mercury js poured in, leſt the Liquids 

ſhould be mix'd in the Bottom of the Tube. 
The Denſities of Liquids are alſo compared to- 
gether, by immerging a Solid into them; for if 4 
311 Solid, lighter than the Liquids to be compared toge- 
ther, be immerſed ſucceſſively into different Liquids, 
the immerſed Parts will be inverſely as the Denſi- 
ties of the Liquids; for, becauſe the ſame Solid 
is made uſe of, the Portions of the different Li- 
quors, which in every Caſe would fill the Space 
| taken up by the immerſed Part, are of the ſame 
* 305 Weight; * therefore the Bulks of thofe Portions, 
that is, the immerſed Parts themſelves, are in- 

* 289 verſely as the Denſities. * 


| 156 


312 Plate XXII. Fig. 4.] Take the Glaſs A, which 
is a hollow Ball that has a Tube divided into equal 
Parts; at the Bottom of the 

a (mall one, Part of which is fill'd with Mer- 
cury, or very fmall Shot, whoſe Weight ſerves 

to make the 'Tube deſcend vertically in Liquids, 

and ftand in that Poſition : Care muſt be taken 

not to have too much Weight in the little Ball, 

for the whole Glaſs muſt be lighter than the Li- 


quids to be compared together. The Hydrometer, 


(for ſo it is call'd) deſcends to different Depths in 
different Liquids; and thoſe Denſities, as we have 
already ſaid, are inverſely as the Parts immerſed, 
which therefore are to be compared together. Tie 


a Thread to the Hydrometer, and weigh it toge- 


ther with the Thread ; the Weight (if it be hke 
mine) will be 573 Grains; if put into Water, it 
will deſcend to 4; therefore a Bulk of Water, equal 
to the immerſed Part of the Hydrometer, weighs 
* 305573 Grains, & and may be expreſs'd by that Num- 


ber. Faſten the Thread above-mention'd to the 


Hook V of the Scale A of the Balance repre- 
ſented in Plate XVIII. Ig. 1. the Hydrometer 
PA. remains, 


great Ball there is 


co 
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remains immerſed ; put 20 Grains in the Scale B, 
and let the Weight P be moved gently to raiſe 
the Balance (by which the Tube will be drawn a 
little Way out of the Water) till there be an 
Equilibrium, and the Surface of the Hater then 
will be given with the Point d; the Water ſuſtains 
the Weight of the whole Machine, except 20 
Grains, that is, it ſuſtains 553 Grains ; and the 
Weight of the ſame Bulk of Mater, which is now 
immerſed, weighs juſt ſo many Grains, and is 
expreſſed by that Number; wherefore one may 
call the Bulk of the Parts d of the Tube 20; 


ii the Space 4% be divided into 10 equal Parts, 


and you continue the Diviſions upwards beyond 
b, and downwards below d, each Diviſion may 
be called 2; and by obſerving the Diviſion to 
which the Inſtrument deſcends in a Liquid, you 
will have the Bulk of the immerſed Part; ſo, if 
the whole Tube ſtands out above the Hater, the 
immerſed Bulk will be 549; if it riſes to the 
upper Diviſions, the immerſed Bulk will be 579; 
and the Denſities of the Liquids, in which this 
happens, will be inverſly as thoſe Numbers, that 
is, as 579 to 549, and only the intermediate 

Denſities may be compar'd by this Inſtrument ; 
iſ the Ball was leſs in Proportion to the Tube, 
it would ſerve for comparing together Liquids 
whoſe Denſities differ more than this. When. 
ſeveral Liquids are compared together, the 
Numbers which expreſs the Bulk of the immer- 


ſed Parts are the Denominators of Fractions, 


which have 1 for their Numerator ; and theſe 
Fractions expreſs the Ratio of the Denſities ; 
for they are to one another inverſly as the Deno- 


minators. | 


Experiment 2.] Let the Denſities of Waters, 


containing different Quantities of Salts, be to be 
1 com- 
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compared, the Hydrometer deſcends in the one 


to the Diviſion a ; if it be immerſed in another, 
it only deſcends to the Diviſion c, their Denſities 
will be to one another as s to ss, as may be ea- 
fily deduced from what has been ſaid. | 

This Method is alſo liable to ſeveral Difficul. 
ties beſides this, that it is difficult to compare to- 


_ Liquors very different in Denſity by the 


313 


314 


*297 
288 
*:71 


ame Hydrometer. 
The beſt Method of all is, to make uſe of 3 
Solid heavier than the Liquids. hen the ſame 


Body is immerſed in different Liquids, the Weights, 
dc Hich it loſes in the Liquids, are to each other as 


the Denſities of thoſe Liquids.* Here you mult 
uſe a hydroſtatical Balance, * and beſides a ſolid 
Piece of Glaſs, as C, which may hang to one 
of the Scales by a Horſe-hair, Plate XXI. Fig. 
5 and 6, you muſt have a Weight, as P, which 
æquiponderates with the Glaſs C, when it is 
immerſed in Water, as is repreſented in Fig. 4. 
'The Difference between the Weight P, and the 
Weight of the Glaſs C, when it is taken out of 
the Mater, is the Weight which the Body has 


Toft, when weigh'd in Vater: This muſt be ob- 


ſerved, that it may ſerve in all the Experiments ; 
in our Balance it weighs 722 Grains. Suſpend the 
Fody in any other Liquid, unleſs it be of the 
ſame Denſity as Water, the Æquilibrium will not 
be preſerved : Let it be reſtored by putting Grain 
Weights in either of the Scales ; if they be put in- 
to the Balance A, add them to the above-men- 
tioned Difference of 722 Grains if the Weights 
be put into B, ſubſtract them from that Number; 
and by that Means in each of thoſe Caſes, as it 
appears, the Weight loſt by a Body is determi- 
ned, that is, the Weight which expreſſes the Den- 
ſity of the Liquid. . | 8 
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Experiment 3.] Let the Weight C, which hangs 
from the Scale A, be immerſed in Oil of Tur- 
pentine, whilſt the Weight P hangs from the 
Scale B; put 94 Grains in the Scale B, and you 
will have an Æquilibrium. Then immerge the 
ſame Weight in Milk, that the Balance may re- 
turn to an Æquilibrium, a Weight of 22 Grains 
muſt be put in the Scale A. Subſtracting the firſt 
Number from 722, and adding the ſecond to it, 
you will have 628 and 744, expreſſing the Den- 
ities of the above-mentioned Liquids, whilſt 722 
ſhews the Denſity of the Water itſelf. 


CHAP. 
Of the Hyaroſtatical Compariſon of Solias. 


17 all homogeneous and equal Bodies, the 
Denſities are as the Weights ;* in unequal *:88 
Bodies of the ſame Weight, the Denſities are in- 


verſely as the Bulks* ; if therefore both the Bulks 22 


and the Weights differ, the Ratio of the Denſi- 

ties is compounded of the direct Ratio of the 
Weights, and the inverſe Ratio of the Bulks ; 
and therefore, dividing the Weights by the Bulks, 315 
you have the Denſities, that is, you will have Num- 

bers that are to each other as thoſe Denſities. 

The Weight of all Bodies may be compared by 316 
Means of the Balance ; the Bulks are found by 
immerging Bodies in the ſame Liquid; for the 
Weights, which they Joſe, are as the Bulks.* *299 

Plate XXI. Fig. .] Here alſo the hydroſtati- 317 
cal Balance is to be uſed,* as likewiſe the Glaſs 47 
Veſſel D, in which the Bodies to be compared are 
to be placed ; you muſt alſo have ſuch a Weight 
as is repreſented by P in Fig. 6. that is equal to the 

| Weight 


97 7 10 :, that is nearly as 11 to 6. By faſtening a 
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Weight of D; and laſtly, the Weight p (Fig. 8. 
equal to the Weight which the Glaſs D loſes 
when it hangs in the Water. | | 
Mi ith a Horſe-hair you muſt faſten the Glaſs 
in the Place of the Body C (Fig. 4.) in the Scale 
A, and hanging the Weight P in the Scale B, you 
will have an Zquilibrium. The Body, whoſe 
Denſity is required, is placed in the Glaſs D (as 
we have ſaid before) and weighed, the Veſſel 
and Body being immerſed in Water; putting the 
Weight p into the Scale B, the Zquilibrium is 
reſtored in reſpe& to the Glaſs D; you muſt 
add as much Weight beſides as is required to make 
an ZXquilibrium, and that will be the Weight lolt 
by the Body weighed ; by this Weight therefore 
you muſt divide the Weight of the Body itſelf, 
* 31; to have the Denſity.* 


Experiment 1.] A Piece of Gold, weighing 13) 
Grains, loſt in Vater 1 ', Grains. A Piece o 
Silver, weighing 248 Grains, loſt in Water 24 
Grains. Therefore their Denſities are as 18 2? to 


Body whoſe Denſity is required, and is heavier 
than a Liquid, to a Body lighter than the Li- 
quid, the Denſity is alſo diſcover'd. 


318 Plate XXII. Fig. 5.) Take the Machine A, 
like the Machine deſcrib'd in the preceding Chap- 

* 312 ter, “ and let it have fix'd to its Bottom the Ring 
DE, and to its Top the Ring FG; then the 
Ball will, by its own Weight, be in part immerg d 

in Hater. This Machine cannot be apply'd to 
Uſe, unleſs you know by ſome other Method, 
how much of its Weight any Body loſes in Ha- 
ter; therefore we lay down as known, that 109 

2 Grains of Lead weigh in Vater but 100 Grains; 
therefore lay juſt as many Grains upon the Ring 
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D E as will make the Machine, when immerg d 
in Water, deſcend to 4; lay what Number of 
Grains you pleaſe upon the Ring FG ; for Ex- 
ample, Eight, and the Machine deſcends to c ; 
the Space 4 c muſt be divided into Eight Parts, 
and the Diviſions mult be continued upwards and 


downwards; if you make a the hundredth Diviſi- 


on, c will be the hundred and eighth Diviſion, and 
the loweſt of all in this Figure will be the 97th. 
"Tis plain, that if the Propoſition of Num. 305 be 
compar'd with the aforeſaid Preparation, the Di- 
viſion, to which the Machine deſcends in Water, 
ſhews the Weight of the Grains which preſs down 
the Machine ; therefore laying a Body upon the 
Ring D E, its Weight in Water will be determin'd; 
by ſubſtracting this Weight from its Weight out 
of the Water, you will have the Weight loſt in 
the Water ; by which if the Weight out of the 


Water be divided, the Denſity is diſcover'd, as 


has been ſaid in the Beginning of this Chapter. 


Experiment 2.] Lay a Piece of Braſs, weigh- 
ing, for Example, 100 Grains, on the Ring DE 
by which the Ball of the Machine is not im- 
merg d; lay any Weight, for Example, of 17 
Grains, on the Ring F G, and the Machine de- 
ſcends to h, that is, to the 105th Diviſion; which 
proves, that the Machine is preſs'd down by ſo 
many Grains ; from this Number of Grains ſub- 
ſtract the 17 laſt mentioned, the remaining 88 
are the Weight of the Piece Braſs in Water, 
which therefore loſes 12 Grains. If again, the 
Weight 100 Grains be divided by the 12 Grains, 
you have 8 2, expreſſing the Denſity of the Braſs. 
the Denſities of any other Bodies may be found 
after the ſame Manner. „ 

This Method has ſeveral Difficulties. The 
foregoing is the beſt of all. = 
M CHAP. 
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CHA: ©. 
Of the Reſiſtance of Fluids, 


319 A LL Bodies moved in Fluids ſuffer a Reſiſt. 


Fi ance, which ariſes from two Cauſes. The 
firft is the Cobeſion of the Parts of the Liquid. A 
Body in its Motion, ſeparating the Parts of a Li- 
quid, muſt overcome the Force with which thoſe 
Parts cohere, and thereby its Motion 1s retarded, 

12 The ſecond is the Inertia, or Inactivity of Mat. 
ter, that belongs to all Bodies, which is the Rea- 
ſon, that a certain Force is required to remove the 
Particles from their Places, in order to let the Body 
paſs. The Body acts upon the Parts to remove 
them, and they diminiſh its Motion by Re-aCtion. 


320 The Retardation from the firſt Cauſe, that is, 


the Cobefion of Parts, is always the ſame in the 
ſame Space, the ſame Body remaining, be the 
Velocity of the Body what it will. 'The ſame 
Coheſion is to be overcome in every Caſe ; there- 
fore this Reſiſtance increaſes as the Space run 
through, in which Ratio the Velocity alſo in- 
*53 creaſes ;* therefore it is as the Velocity itſelf. 
321 De Reſiſtancè ariſing from the Inertia, or Inacti- 
vity of Matter, when the ſame Body moves through 
different Liquids with the ſame Velocities, follows 
the Proportion of the Matter to be removed in the 
ſame Time, which 7s as the Denſity of the Liquid. 
322 ben the [ame Body moves thro” the ſame Li- 
quid with different Velocities, this Reſiſtance in- 
creaſes, in Proportion to the Number of Particles 
ſtruck in an equal Time, which Number is as the 
Space run through in that 'Time, that is, as the 
Velocity. But-this Reſiſtance does farther increaſe, 
in Proportion to the Force with which the Body 
runs againſt every Part; which Force is alſo as 
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the Velocity of the Body. And thetefore, if the 
Velocity is triple, the Reſiſtance is triple from 
a triple Number of Parts to be. removed out of 
their Places. It is alſo triple from a Blow three 
times ſtronger againſt every Particle ; therefore 
the whole Reſiſtance is ninefold, that is, as the 
Square of the. Velocity. 


A Body therefore moved in a Liquid is reſiſted 323 


partly in a Ratio of the Velocity, and partly in 
a duplicate Ratio of it. The Reſiſtance from the 
Coheſion of Parts in Liquids, except glutinous ones, 
is not very ſenſible in reſpect of the other Reſiſt- 
ance ; Which as it encreaſes in a Ratio of the Square 


of the Velocities, * but the firſt in a Ratio of the 22* 
Velocity itſelf : * By how much the Velocity in- 220 


creaſes, by ſo much more do theſe Reſiſtances 


differ amongſt themſelves ; wherefore, in ſwifter 324 


Motions the Reſiſtance alone ig to be conſidered, 
which is as the Square of the Velocity. 

I thall not now treat of tenacious or glutinous 
Liquids, nor of flow Motions, in which the Re- 
ſiſtance, ariſing from the Coheſion of the Parts, 
muſt be conſidered. 


If a Liquid be included in a Veſſel of a priſmati- 223 


cal Figure, and there be moved along in it with e- 
qual Velocity, and a Direction parallel to the Sides 
of the Priſm, :zwo Bodzes, the one ſpherical and the 
other cylindric, ſo that the Diameter of the Baſe of 
this laſt be equal to the Diameter of the Sphere, 
and the Cylinder be moved in the Direction of its 
Axis, theſe Bodies will ſuffer the ſame Reſiſtance. 
To demonſtrate this, ſuppoſe the Bodies at reſt, 
and that the Liquid moves in the Veſſel, with the 
ſame Velocity that the Bodies had; by this the re- 
lative Motion of the Bodies and the Liquid is not 
changed, therefore the Actions of the Bodies on 
the Liquid, and of the Liquid on the Bodies, are 
not changed. The Retardation which the Liquor 
M 2 _ _  ſaffers 
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ſuffers in paſſing by the Body, ariſes only from YÞ 
= this, That in that Place it is reduced to a narrower Ef 
Space, but the Capacity of the Veſſel is equally YÞ 
diminiſhed by each Body; therefore each Body BF 
produces an equal Retardation. And becauſe Ac- BF 
tion and Re- action are equal to one another, the YÞ 
Liquids acts equally upon each Body; wherefore FF 
alſo each Body is equally retarded, when the Bo- 
dies are moved, and the Liquid is at reſt. | 
326 This Demonſtration will alſo obtain, tho' the 
Veſſel be ſuppoſed much bigger; and it will do 
= in an infinite Liquid compreſſed ; therefore it | 
BK may be referred to Bodies deeply immerſed. Here 
f we ſpeak of a continuous Liquid, and whoſe 
Parts cannot be reduced into a leſſer Space by 
Preſſure; otherwiſe there will be an Accumula- 
tion before the Body, and a Relaxation behind; 
and ſo much the more, the more blunt the Body | 
327 is; which alſo cauſes a greater Irregularity in the 
Motion of the Liquid, and a greater Retardation 
in the Motion of the Body. | 
When a Body is moved in any Liquid along the | 
Surface, the Liquid is raiſed before the Body, and 
_ depreſſed behind; and theſe Elevations and De- 
-preſſions are greater, the more blunt the Body is, 
and by that Means it is more retarded ; for there 
is alſo a greater Irregularity in the Motion of the 
328 Liquid in this Caſe, which till more increaſes the 
-. Retardation of the Body, This is alſo true, if | 
the Body be not immerſed deep; yet in that Caſe 
the Irregularity of the Motion of the Liquid is 
the chief Cauſe of the Retardation, 

- Therefore, to take away theſe Irregularities, we 
muſt confider Bodies as deeply immerſed, and give | 
Rules relating to them; by which the Retarda- | 

tions in ſeveral Caſes may be compared together. 
4 We ſuppoſe the Bodies ſpherical, tho* the De- 
=_ monſtraticns will ſerve for all ſimilar Bodies mo- 
I ved in the fame Manner, ”. | - Ree 
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| Heme you muſt obſerve, that he Reſiſtance is to 329 
5 


ty oe diſtiuguiſbed from the Retardation ; the Reſiſt- 
ly JÞ ance produces the Retardation. # hen we ſpeak of 


the ſame Body, the one may be taken for the other, 
| becauſe they are in the ſame Proportion; but, ſup- 


on poſing the Bodies different, the ſame Reſiſtance 

o. often generates different Retardations. From the 330 
BE Ke/tance ariſes a Motion contrary to the Motion 

ne |. of the Body ; the Retardation is the Celerity, and 

10 i the Reſiſtance itſelf is the Quantity of Motion. 

.. Let the Bodies be equal, but of different Denſi- 331 

it | : 1 331 

e , and moved thro the ſame Liquid with equal 

e I /#/0c779, tbe Liquid acts in the ſame Manner up- 

Von both; therefore they ſuffer the ſame Reſiſt- 

«4 | ance, but different Retardatious; and they are 

1. % e another as the Celerities, which may be ge- 

iv I nerated by the ſame Forces in the Bodies propo- 

1 ſed; & that is, they are inverſly as the Quantities * 3 

n of Matter in thoſe Bodies, * or inverſiy as the * 60 
BE Den/aties. | 255 | 

1 Now, ſuppoſing Bodies of the ſame Denſity, but 331 

d equal, moved equally faſt tbro the ſame Fluid, 

e. che Reſiſtances increaſe according to their Super- 

5 ficies, that is, as the Squares of their Diameters ; 

re I dbe Quantities are increaſed in Proportion to the 

| Cubes of the Diameters ; the Reſiſtances are the 


{Quantities of Motion, the Retardations are the 
Celerities ariſing from them; * dividing the 330 


1 I Quantities of Motion 8 the Quantities of Mat- 5 
is ter, you will have the Celerities; * therefore the 6. 


Retardatious are directly as the Squares of the 
Diameters, and inverſly as the Cubes of the Di- 
meters, that is, inverſiy, as the Diameters them 
ſelves. | 


Ve Bodies are equal, move equally ſwift, 332 
d are of the ſame Denſity, but are moved thro 


Wiferent Liquids, their Retardations are as the 339 
Denſities of thoſe Liquids.* | 222 
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334 When Bodies, equally denſe and equal,are carried Bo 
thro* the ſame Liquid with different Velocities, the ma 

* 324 Retardations are as the Squares of the Velocities. * is t 
329 Prom what has been ſaid, the Retardations of fro 
335 any Motions may be compared together, for they I of : 
* 334 are firſt, as the Squares of the Velocities ; * ſe- and 
condly, as the Denſities of the Liquids thro” which Por 

* 333 the Bodies are moved; thirdly, inverſly as the Di- oft 


* 332 ameters of thoſe Bodies; laſtly, inverſiy as the | 
* 331 Denſities of the Bodies themſelves. * the 


The Numbers in the Ratio, compounded of tity 
thoſe Ratio's, expreſs the Proportion of the Re- By 
tardations. Multiplying the Square of the Ve- tar 
locity by the Denſity of the Liquid, and dividing I fam 
the Product by the Product of the Diameter of il E 
the Body multiplied into its Denſity, and work-¶ Mo 


ing thus for ſeveral Motions, the Quotients of the 1 
Diviſions will ſtill have the ſame compound Ratio I 77 I 
to one another. + 23 deſc 


Theſe Retardations may alſo be compared to- bed 
gether, by comparing the Reſiſtance with the ina 
336 Gravity. It is demonſtrated; that 7he Reſiſtance of i twe 
a Cylinder, which moves in the Direction of its Axis, that 

(to which the Reſiſtance of a Sphere of the ſame || dull 

* 325 Diameter is equal, *) 7s equal to the Weight of a - in t 
linder made of that Liquid, thro' which the Body is 1 
moved, having its Baſe equal to the Body's Baſe, to 7 
and its Height equal to half the Height, from oſci. 
which a Body falling in Vacuo may acquire the and 
Velocity with which the ſaid Cylinder is moved thro mo- 

the Liquid. From the given Celerity of the Body if t 
moved, the Height the Liquid Cylinder is firſt 
found, as alſo the Weight of it from the known the 
ſpecifick Gravity of the Liquid and Diameter of Beg 

the Body. Let a Ball, for Example, of 3 Inches | the 
Diameter be moved in Water, with that Celerity | Pro! 
with which it would go thro* 16 Foot in a Se-ff is n 
cond : From what has been faid of falling oft! 
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Bodies and Pendulums,* as alſo by Experiments 
made on Pendulums, it has been found that this 


is the Celerity which a Body acquires in falling 


from a Height of 4 Foot ; therefore the Weight 


of a Cylinder of Water, of 3 Inches Diameter, 


and 2 Foot high, that is, a Weight of about 6 


Pounds and 3 Ounces, is equal to the Reſiſtance 


of the aforeſaid Ball. 4 
Let the Reſiſtauce ſo diſcovered be divided by 
the Weight of the Body, which determines its Quan- 


tity of Matter, and you wil} have the Retardation.* 


By which Rule the Proportion of the ſeveral Re- 
tardations is diſcovered, * and found to be the 
ſame as is given by the foregoing Rule. 


Having conſidered the Retardations of direct 


Motions, we paſs on to the Motionof Pendulums. 


The Arc deſcribed by a Pendulum oſcillating 


in Vacuo, with a Celerity that it has acquired by 
deſcending, is equal to the Arc which is deſcri- 
bed by the Deſcent ; * the ſame does not happen 
in a Liquid, and there is a greater Difference be- 
tween thoſe Arcs, the greater the Reſiſtance is ; 
that is, if you ſpeak of the ſame Liquid and Pen- 
dulum, the greater the Arc is which is deſcribed 
in the Deſcent. eh | 

Let the Reſiſtance of the Liquid be in Proportion 
to the Velocity, and two Pendulums, entirely alike, 
oſcillating in a Cycloid, perform unequal Vibrations, 
and begin to fall the ſame Moment ; they begin to 
move by Forces that are as the Arcs to be deſcribedʒ 
if thoſe Impreſſions alone, which are made the 
firſt Moment, be conſidered, after a given Time, 
the Celerities will be in the ſame Ratio as in the 
Beginning; for the Retardations, which are as 
the Velocities themſelves, * cannot change their 
Proportions, for the Ratio between Quantities 
is not changed by the Addition and Subſtraction 
of the Quantities in the ſame Ratio. Therefore 
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in equal Times, however the Celerities of Bo- 
dies are changed in their Motion by the Re- 
ſiſtance, Spaces which are gone thro' are as the 
53 Forces in the Beginning; * that is, as the Arcs to 
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be deſcribed by the Deſcent ; therefore after any 

Time the Bodies are in the correſpondent Points 

of thoſe Arcs. But in theſe Points the Forces are 
zs generated in the ſame Ratio as in the Beginning,* 


and the Proportion of the Celerities, which is not 


varied by the Reſiſtance, ſuffers no Change from 
the Gravity. In the Aſcent, Gravity retards the 
Motion of the Body, but in correſpondent Points 
its Actions are in the ſame Ratio as in Deſcents. 
And therefore every where in correſpondentPoints 
the Celerities are in the ſame Ratio. But as in 
the ſame Moments the Bodies are in theſe corre- 
ſpondent Points, it follows that the Motion of 
both is deſtroyed in the ſame Moment, that is, 


they finiſh their Vibrations in the ſame Time. The 


Spaces, run thro' in the Time of one Vibration, 
are as the Forces by which they are run thro'; 
340 that is, he Arcs of the whole Vibrations are as 
the Arcs deſcribed by the De ſcent, whoſe Double 
| are the Arcs to be deſcribed in Vacno. The De- 
341 fects of the Arcs to be deſcribed in Liquids, from 
' the Arcs to be deſcribed in Vacuo, are the Diffe- 
rences of Quantities inthe ſame Ratio, and are as 
the Arcs deſcribed by the Deſcent, 
342 Since there is the ſame Proportion between 
thoſe different Arcs, it follows, that the Celerities, 
in the correſpondent Points of the Arcs deſcribed, 
are every where as the Arcs deſcribed by the De- 


ſcent ; for theſe correſpondent Points are alſo the 


correſpondent Points of the Arcs to be deſcribed 


in Vacuo, in which we have demonſtrated that | 


| this Proportion holds. 
343 Now let the Reſiſtance Verne in the auplicate 
. of the N and let the Pendulum perform 
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unequal Vibration, the greateſt will laſt the longeſt, 
becauſe the Reſiſtance increaſes more than in the 
Caſe Numb. 239. | 

Yet the Celerities, ſuppoſing the Arcs not very 344 
unequal in the correſpondent Points of the Arcs de- 
ſcribed, are every where nearly in the ſame Ratio, 
and indeed in the Ratio of the Arcs deſcribed by 
the Deſcent, If the Reſiſtance was in the Ratio 


of the Celerity, this Proportion would ob- - 


tain; * but now it is diſturb'd by reaſon of 342 
a greater Reſiſtance in a greater Vibration, 

by which the Motion in this is more diminiſh- 

ed. But it is more accelerated by two Cauſes, 

I, this greater Vibration laſts longer,“ and the *343 
Body ſtays longer in a certain Space, than in the 
correſpondent Space in a leſs Vibration, and is 
accelerated during a longer Time. 2dly, the 
Defect of the Arc deſcribed here, from an Arc to 

be deſcribed in Vacuo, is greater in Proportion, 

in a greater Vibration, becauſe in this the Re- 
ſiſtance differs more from the Reſiſtance in a leſs 
Vibration, than in Numb. 241. therefore the cor- 
reſpondent Points, keeping the ſame Proportion, 

are more diſtant from the loweſt Point inthe great- 

er than in the leſſer Arc, as long as the Body de- 
ſcends in it: therefore in Proportion it has a great 

er Acceleration, becauſe the Force, which acts con- 
tinually on the Body, is as its Diſtance from the 
lower Point; * therefore there is a Compenſation, * :56 
and the Proportion above-mentioned is reſtored. 

In the Aſcent of the Body, the Duration of the 
Retardation concurs wich the Reſiſtance to di- 
ſturb that Proportion ; but now the correſpon- 
dent Points are leſs diſtant from the loweſt Point 

in the greater Arc (the ſame Proportion conti- 
nuing) than in the leſſer, and the Gravity in 
Proportion produces a leſs Retardation þ Wy 
2 | | theres 
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therefore now (the Proportion continuing) the 
Difference of the Diſtance of the correſpondent 
Points from the loweſt Point is increaſed, ſo that 
a Compenſation is given from this alone. 

The Reſiſtances which are as the Squares of 
the Celerities, and therefore every where in cor- 
reſpondent Points, as the Squares of the Arcs 
deſcribed by the Deſcent, in which Ratio alſo the 
Retardations are; but, as each of them keep the 
ſame Proportion in correſponding Points, the Sums 
of them all will be in the ſame Proportion; that 
is, the whole Retardations, which are the Defects 
of the Arcs deſcribed in the Liquid from the Arcs 
to be deſcribed in Vacuo; or, what is the ſame, 
the Differences between the Arcs deſcribed in the 
Deſcent and the next Aſcent. Therefore theſe Dif- 


- . ferences, if the Vibrations are not very unequal, 


*324 


346 


are nearly as the Squares of the Arcs deſcribed by 
tbe Deſcent. Which is alſo confirmed by Experi- 
ments in greater Vibrations ; for in theſe the Pro- 
portion of Reſiſtance, which we treat of here, ob- 
tains.* 555 FAS 

Fill the wooden Veſſel AB FCD, (Plate XXII. 
Fig. 6.) 3 Foot long, 1 Foot wide, and 1 Foot 
high, with Vater; hang up the Pendulum V9 
by a Hook V hanging over the Middle of the 
Veſſel; this Pendulum is made of an Iron Wire 
or 8 Foot long, and a Leaden Ball p of 
the Diameter of an Inch and a Half; when the 


Pendulum is at reſt, the Ball is diſtant 3 Inches 


from the Bottom of the Veſſel. At P there is a 
eater Ball of Lead, of 3 Inches Diameter, joined 
to the Iron Wire, that the Ball P may be the leſs 

retarded in Water. Z | 
A-croſs the Top of the Veſſel, upon the Brim 
of it, may be moved a Board about 5 Inches 
high, to which muſt be applied the divided Braſs 
Rulers E G, E G, and the Indices M, M, for 
Th meaſuring 
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meaſuring the Angles deſcribed by the Pendulum 
in the Deſcent, or Aſcent, by the Method given 
Numb. 170. Page 70. 


Experiment.] Let the Rulers E G, EG, be fo 
diſpoſed, that the Ends &, G, may be overa- 
ainſt the Pendulum when it is at reſt, and in 
ſuch Manner that between their Ends there may 
be a Diſtance equal to the Diameter of the Wire 
to which the Bodies Pp are fixed. Let one In- 
dex be applied to the 16th Diviſion of the Ru- 
ler, and another to the 14th Diviſion of the 
other Ruler ; let the Pendulum fall from that 
Diviſion, and it will riſe almoſt to this. If, in- 
ſtead of theſe Diviſions, you take 20 and 16 7, 


the Experiment will ſucceed in the ſame Manner, 


as alſo when you apply the Indices to the Divi- 
fions 24 and 19 5. Take care that the Water be 
perfectly at reſt. In 

In this Experiment the Arcs deſcribed in the 
Deſcent are to one another as 4; 5, and 6, whoſe 
Squares are 26, 35, 26; the Difference of thoſe 
Arcs, from the Arcs deſcribed in the Aſcent, are 
2, 3 5» 4 which Numbers are to one another 
as the aforeſaid Squares, as appears by multiply- 
ing them by 8. $2255 


A Body freely deſcending in a Liquid is accele- 347 ; 


rated, by the reſpective Gravity of the Body which 
continually acts upon it; yer not equally as in a 


Vacuum, * the Reſiſtance of the Liquid occaſions * 129 


a Retardation, that is, a Diminution of Accele- 
ration, which Diminution increaſes with the Ve- 


locity of the Body. For there is a certain Velocity 348 


which is the greateſt that a Body can acquire by fal- 
ling; for if its Velocity be ſuch, that he Reſiſtance 
ariſing from it becomesequal to thereſpeffiveWeight 
of the Body, its Motion can be no longer accele- 
rated; for the Motion which is continually ge- 

5 | nerated 


171 
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nerated by the reſpective Gravity, will be de- 
ſtroyed by the Reſiſtance, and the Body forced 
to go on equably: The Body continually comes 
nearer and nearer to this greateſt Celerity, but can 
never attain to it. | 
When the Denſities of a Liquid and a Body 
are given, you have the reſpective Weight of the 
Body ; and, by the knowing the Diameter of the 
Body, you may find out from what a Height 
Body, falling in Vacuo, can acquire ſuch a Velo- 
city, that the Reſiſtance in a Liquid ſhall be e- 
* 336 qual to that reſpective Weight, * which will be 
that greateſt Velocity above-mention d. 
If the Body be a Sphere, it is known, that a 
Sphere is equal to a Cylinder of the ſame Diame- 
ter, whoſe Height is two third Parts of that Di- 
350 ameter ; which Height is to be increaſed in the 
Ratio in which the reſpective Weight of the Bo- 
dy exceeds the Weight of the Liquid, in order 
to have the Height of the Cyliuder of the Liquid, 
whoſe Weight is equal to the reſpective Weight of 
the Body; but, if you donble this Height, you will 
have a Height, from which a Body, falling in Va- 
cuo, acquires ſuch a Velocity as generates a Re- 
* 336 fſiſtaucè equal to this reſpettive Weight, * and which 
therefore is the greateſt Velocity which a Body can 
* 348 acquire, falling in a Liquid from an infinite Height.* 
349 Lead is eleven times heavier than Water, where- 
fore its reſpective Weight is to the Weight of 
Water as 10 to 1; therefore a leaden Ball, as it 
appears from what has been ſaid, cannot acquire 
a greater Velocity, falling in Water, than it would 
acquire in falling % Vacuo, from an Height of 
133 of its Diameters. 
351 A Bodylighter than a Liquid, and aſcending in it 
by the Action of the Liquid, is moved exattly by the 
ſame Laws as a heavier Body falling in the Liquid. 
Where-ever you place the Body, it is ſuſtained 24 
| tne 
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the Liquid, and carried up with a Force equal to 

the Difference of the Weight of the Quantity of 

the Liquid, of the ſame Bulk as the Body, from 

the Weight of the Body, as appears by compa- 

ring Numb. 293. with Numb. 292. therefore you 

have the Force that continually acts equably up- 

on the Body, by which, not only the Action of 

the Gravity of the Body is deſtroyed, ſo that it 

is not to be conſidered in this Caſe, but by which 

alſo the Body is carried upwards by a Motion e- 

quably accelerated, in the fame Manner as a Bo- 

dy, heavier than a Liquid, deſcends by its re- 

ſpective Gravity; but the Equability of the Ac- 

celeration is deſtroyed in the — Manner by the 

Reſiſtance, in the Aſcent of a Body lighter than 

the Liquid, as it is deſtroyed in the Deſcent of a 

Body heavier than the Liquid. 
hen a Body, ſpecifically heavier than a Liquid, 352 

is thrown up in it, it is retarded upon a double 

Account, on Account of the Gravity of the Bo- 

dy, and on Account of the Reſiſtance of the Li- 

quid; therefore 4 Body riſes to a leſs Height than g 53 

it would riſe in Vacuo with the {ame Celerity. 

But the Defects of the Height in a Liquid, from 

the Heights to which a Body would riſe in Vacuo 

with the ſame Celerities, have greater Proportion 

to each other than the Heights themſelves, and, 

in leſs Heights, the Defects are nearly as the 

Squares of the Heights in Vacuo. 
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CHAP, VII. 


Of the Celerity of a Fluid ariſing from the 
Preſſure of the ſuperincumbent Fluid. 


2 ee 


N inferior Fluid is preſſed by. a ſuperior, 
and that equally every Way; * becauſe 
Action is equal to Re-action, it endeavours to 
recede every Way. with equal Force ; therefore if 
you take off the Preſſure on one Side, the Liquid wil 
move towards that Side; aud which Way ſoever the 


Preſſure be taken away, it will move with the ſame 


* 


— 27 


fect of the whole Preſſure; and this 


Celerity; which will be confirm'd by the Experi- 

ments to be mention'd in the following Chapter. 
At the ſame Depth the Celerity is alſo every 

where the ſame, by reaſon of the Equality of the 


258 Preſſure. * but when the Depth is changed, the 
272 Celerity is alſo changed. 


Yet the Velocity does not follow the ſame Pro- 
portion as the Depth; tho* the Preſſure, from 
which the Velocity ariſes, does increaſe in the 
ſame Ratio as the Depth. * The Quantity of Mo- 
tion, which is produced in the Liquid, is the Ef- 
Quantity 


*® 59 increaſes as the Preſſure, * but the Ratio of the 
_—_— of Motion is compounded of the Ratio 
of the Velocity and the Quantity of the Matter 
* 6, moved.“ Here the Matter moved is the Water, 
which goes out of the Hole, whoſe Quantity, 
the Time remaining the ſame, increaſes with the 

5 Celerity; 
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Celerity ; it will be double, if the Celerity be 
doubled, in which Caſe the Quantity of Motion 355 
of is quadruple; that is, increaſed as he Square of 
the Celerity, which obtains in any Celerity ; there- 
. fore that Square zncrea/es as the Preſſure; that is, 
is the Height of the Liquid above the Hole from 
- 8 @w#ich the Water ſpouts. 


Plate XXIV. Fig. 1.] Fill with Water the Pa- 356 
rallelopiped A B, which is 15 Inches long, and 
as wide, and 2 Foot high; it muſt be fo placed 
that its Bottom may be raiſed about 8 Inches above 
the horizontal Bottom of a hollow Trough C D, 
whoſe Length is almoſt 4 Foot, and Breadth a 
Foot and a half, and Depth 5 or 6 Inches. 
At E, near the Bottom of the Veſſel A B, there 
is fix d a Braſs Tube horizontally, above half 
an Inch in Bore; the fore Part of it is ſhur by 
a Plate, in the Middle of which there is a Hole, 
whoſe Diameter is equal to rs Inch: that Hole is 
ſhut with a Cover that ſcrews on upon the fore 
Part of the Tube er 
'The Celerities, with which the Water flows 
out from E, when you have open'd the Hole, 
are compared together by Help of this Machine. 
Let it move, for Example, in the Line EL, and 
at L let it come to the Bottom of the Veſſel CD; 
this Motion may be reſolved into two Motions; 
the one horizontal along E 1, in the Direction 
that the Water has in going out of the Hole, and 
tho other vertical along IL; the firſt is equa- 
ble, and the Water, with the Celerity with which 
it goes out, runs thro' the Space EI, in the 
ſame Time that in falling it runs thro' I L; * * 20g 
whatever the Celerity be, I L is not changed, | 
becauſe E I and the Bottom of the Veſſel are 
horizontal, therefore the Time is not changed, 
in which ſeveral ſuch Lines as E I may * 
thro', 
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thro', and therefore they are as the Celerities with N equal 
which the Water goes out: * if you meaſure the I whicl 


Diſtance to which the Water ſpouts, you will have I of th: 
the Line E I. can f. 


Experiment 1.] Let there be Water in the Veſ. a Bo 
ſel AB, up to the Height of five Inches, above I but t 
the Hole at E; let the Diſtance be meaſured Surfa 
to which the Water ſpouts ; if more Water be 
poured in to the Height of twenty Inches, it will 


ſpout to a double Diſtance. The Squares of 


35 De Velocity of a Liquid, at anyDepth, is the ſame 


the Diſtances are here as the Height of the 
Water, in which Ratio alſo are the Squares of the 
Celerities. 


A 


Wo] 


as that which a Body, falling from a Height equal io 


the Depth, would acquire; for the Velocity of a Li- WW yet it 


uid increaſes, when the Depth of the Hole below ſever: 
the Surface of the Liquid increaſes, in the ſame ¶ quid 
Ratio as the Celerity of the falling Body in- the ( 
creaſes, when the Space gone thro' by the Fall in- ¶ Parts 


555 creaſes x; and in the Beginning theſe Velocities I differ 


13! are equal; for in a Liquid the upper Parts, as Ewhict 
dell as in a Body at the Beginning of the Fall, I neceſ 


endeavour to deſcend by Gravity only. Colui 
ol | _ ment. 
Experiment 2. Plate XXIV. Fig. 1.] This is Nwhicl 
performed with the ſame Machine as was uſed in Nlowin 


the former Experiment; the Veſſel AB is filled FE yield: 


with Water, and a Tube with a Hole like the every 
Tube E is placed at E, ſo that the Height of Eretarc 
the upper Surface of the Water, above the Edimir 
Bottom of the Veſſel CD, is divided by that F£oſt al 
Hole into two equal Parts; the Water from that E|Colw 
Hole will ſpout to M, ſo that the horizontal I Liqui 
Diſtance from the Point M to the Hole will be Sides. 
double the Height of the Hole, above the Bottom and 


of the Veſſel C D; therefore the Water, by an hol: 


cequable 
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equable Motion, and with the Celerity, with 
which it goes out, runs thro* double the Space | 
of that Height, in the 'Time in which a Body | 
can fall from F to the Bottom of the Veſſel C D, 
and therefore it moves with the Celerity which 

a Body can acquire in falling from that Height“; 134 
but this Height is equal to the Height of the 
Surface of the Water above the Hole. 


. CHAP. VII. 
Of ſpouting Liquids. 


A Liquid, ſpouting vertically out of a Hole, a- 358 
IN riſes up with that Celerity, with which it 
would come up to the upper Surface of the Liquid, 
yet it never comes up to that Height * ; and that for "57 
ſeveral Cauſes. 1. The Celerity, by which the Li- 
quid aſcends, is diminiſhed every Moment, and 
the Column of the ſpouting Liquid conſiſts of 
Parts, which are moved to different Heights by 
different Celerities ; all the Parts of a Column, 
which is every __ df the ſame Thickneſs, are 
neceſſarily moved by the ſame Celerity ; the ſaid 
Column every where will be broader every Mo- 
ment, as the Celerity of the Liquid is diminiſh'd ; 
which ariſes from the Impulſe of the Liquid fol- 
lowing, and which from the Nature of a Liquid 
yields to every Impreſſion, and is eaſily mov'd 
every Way; by that Impreſſion the Motion is 
retarded every where. 2. This Motion is alſo 
diminiſhed by the Liquid, becauſe, when it hath 
loſt all its Motion, it hangs in the upper Part of the 
Column, and is ſuſtained for a Moment by the 
Liquid that follows, before it flows off on the 
Sides, which fetards the Liquid that follows it, 
and that Retardation is communicated to the 
whole Column. 3. By the Friction againſt the 
N Tr Sides 
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Sides of the Hole, the Celerity of the Liquid is ;. riſ 
diminiſhed ; which Friction is increaſed, when the feft] 
Liquid is brought through Pipes and Cocks, : 
4. Laſtly, the Air's Reſiſtance ſtops the Motion 7; 
of Liquids. Tab 
The firſt Cauſe above-mentioned of the Re. Q, f 
tardation cannot be corrected. | thoſe 
The ſecond js corrected by ſomewhat inclining i o ot 
the Direction of the Liquid, as is ſelf- evident; ¶ main 
359 and this is the Reaſon why a Liquid riſes higher, I let it 
if its Direction be a little inclined, than if it ſpouts Q, a 
vertically. | | 


Experiment 1. Plate XXIV. Hg. x. ] To the voir, 
356 Machine above-deſcribed, * by Help of a Screw le, 
at N, join the Curve Tube NO, from which pipes 
the Water, thro' a ſmall Hole, ſpouts up verti . Po 
cally by turning the Tube a little, which iſ oe, 
eaſily done by reaſon of the Screw at N, the 
Direction of the ſpouting Water will be inclined, Ex; 
and it will aſcend higher. But by this Inclina-· I veſſel 
tion the Beauty of a Jet is deſtroyed. 
As to the third Cauſe of the Retardation, ti 
to be obſerved, that there is a greater Friction, 
in Proportion, in ſmall Holes, than in great ones; 
the Celerity being increaſed, the Friction alſo 
3601s thereby increaſed ; and therefore the Holes artſx 
to be increaſed according to the Heights of the ſpout- 
ing Water. | I 4 
The Ends of the Pipes, from which the Wat: 
ſpouts, have commonly the Figure of a truncaſh 
ted Cone, as is repreſented at P, {Plate XXIV&hmo 
Fig. 3.) in which End the Water ſuffers a greaſpart; 
deal of Friction, and is moved irregularly, and een f 
ſpouts up with that Irregularity. This may band : 
$61 amended by covering the End of the Tube with à fla rom + 
{mooth,and poliſhedPlate,fixedto it which has aHoliff quare 
init; tor then the Water ſpouts bigher, and becauſſiing fre 
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Lis ir riſes with a Motion intirely regular, it is per- 
the fetty tranſparent. | 


10n Experiment 2. Plate XXIV. Fig. 3.] Take the 
Tube above-mentioned P, as alſo the Cylinder 
Res Q, ſhut up at one End with a bored Plate ; let 
thoſe be ſcrew'd on, one after another, to the End 
ung O of the Tube NO (Fig. 1.) the Water re- 
nt; ¶ maining at the ſame Height in the Veſſel A B, 
ber, et it ſpout from the Tube P, and the Cylinder 
, and the Experiments will fully confirm what 
ve have ſaid. | | | 
The Pipes, which bring the Water from a Reſer- 362 
the voir, muſt be very wide, in Proportion to the ſpouting 
rev Hole, that the Water may move ſlowly in theſe 
nich pipes, and have no ſenſible Friction. 
ti For the ſame Reaſon the Water-way, or Paſ- 363 
1 Vilſage, of the Cocks muſt be very large. 


ned, Experiment 3. Plate XXIV. Fig. 1.] To the 
Veſſel A B, at the ſame Height as the Tube F, 
fix the Cock H, the Pipe of the Cock muſt be 
tufmut up in the ſame Manner as the Tube E, and 
10, Ehor'd with a Hole of the ſame Size; the Water- 
ſway of this Cock is a Quarter of an Inch. The 
Water, which goes thro this Cock, is brought 
' arifithro* a narrower Space than that which moves 
ouFthro* the Tube F; therefore this laſt is more 
tranſparent, and ſpouts to a greater Diſtance. 

The Reſiſtance of the Air has a ſenſible Effect upon 364. 
the Motion of Liquids ; (for itſelf may be reckon'd 
IVEmongſt Liquids, as will be ſaid in the Second 
reagpart ;) therefore we may here apply what has 

anq deen ſaid of the Aſcent of any Body in a Liquid; 
band in ſmall Heights, the Defects of the Heights 
flaifrom the Heights in Vacuo are in the Ratio of the 
HolTquares of thoſe Heights *; that is, abſtraRt- *353 
auiEng from the other Cauſes of Retardation, they 
1 HS are 


180 
are in the Ratio of the Square of the Height of the 
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Liquid above the Hole. Beſides this Reſiſtance 
there is alſo another, not to be over-look'd, which 
is the Action of the Air againſt the ſpouting Li- 
_ It incloſes the whole Column of the 
pouting Liquid, and reſiſts that Part of is Mo- 
tion, whereby it ſpreads itſelf ſidewiſe, as it 
becomes wider, and there is requir'd a greater 
Force of the Liquid that comes after, than if this 
Refiſtance was taken away ; therefore the Air re- 
fiſts by its lateral Preſſure. The Reſiſtance from 
the Stroke of the Liquid againſt the Air increaſes 
with the impingent Surface, that is, if the Cele- 
rities remain the ſame, increaſes with the Hole ; 


in which Ratio, alſo, the Quantity of the Matter 


moved increaſes, and upon this Account 'tis no 
Matter, of what Bigneſs the Hole is. 

The lateral Preſſure follows the Proportion of 
the Surface of the Column ; the Matter mov'd, 
which, (the Celerity being the ſame) is in the ſame 
Ratio as the Quantity of Motion, * follows the 
Proportion of the whole Column, that is, of the 
Square of its Surface ; and therefore, if the Hole 
be increas'd, the 88 of Motion increaſes 
faſter than the Cauſe retarding it; and for that 


365 Reaſon in the greateſt Heights of ſpouting Liquids, 


that the lateral Preſſure (which exerts a greater 
Action when it a&s the longer) may be the 
better overcome, greater Holes are requir'd ; which 
we have alſo ſhew'd before to be requir'd in the 


zo ſame Caſe from another Cauſe: * where, as well 


as here, we ſuppos'd the greater Holes only ne- 
ceſſary for the greateſt Heights, tho' the De- 
monſtrations prove that het Holes, which are 
very neceſſary in the greateſt Heights, are in ge- 
neral to be preferred to others. 


Great Holes alfo hinder the Motion; for 


then there is a greater Surface which is preſs d 


upon 


dertic 
menti. 
the fir 
here 
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upon by the higheſt Part of the Liquid, which 
has loſt all its Motion, and hangs on a longer 
Time, before it runs off down the Sides. From 


theſe two contrary Effects joined together, 1 4/1 3 66 


Heights there is a certain Meaſure of the Hole, thro? 
which the Liquid will riſe to the greateſt Height 
poſſible. Yet one cannot gives Rules to determine 
the Diameter of the Hole, becauſe the Bigneſs of 
the Pipes of Conduct and their Inflexions require 
it different, ſo that there may be a Variation to 
Infinity. 5 

In reſpect to the greateſt Heights, tis to be 367 
obſerved, that che Bigneſs of the Hole, and alſo tbe 
Height to which the Liquid can aſcend, have their 
Limits, which they cannot exceed. Not only the 
Liquid which is directly againſt the Hole runs 
out, but, that there may be a conſtant Supply, 
the neighbouring Liquid, continually comes to- 
wards the Hole with an oblique Motion, and 
in going out it ſpouts with a compound Motion, 
and the Motion of the Liquid, ſpouting vertically, 
is diſturbed ; the greater the Hole is, the greater 
is the Diſturbance ariſing from that Cauſe, and 
in ſpouting Waters the Holes ſhould never exceed 
an Inch and a Quarter. When the Celerity of 
the Liquid is too great, it. ſtrikes againſt the 
Air with ſo much Force, that it is diſperſed into 
Drops ; in which Caſe, by diminiſhing the Cele- 
rity, the Height to which the Liquor ſpouts 
will be increaſed, and there is a Height which is 
the greateſt to which a Liquor can aſcend, which 
Height in ſpouting Water ſcarce exceeds 100 Feet. 


Liquids, which ſpout obliquely, are not retarded 368 


from ſo many Cauſes, nor ſo much, as thoſe that ſpout 
vertically, The ſecondCauſe of Retardation, above- 


mentioned, * has no Place here, and the Effect of * 358 


the firſt is leſs. As for the reſt, one may apply 
here what has been ſaid of Solids oblique pro- 
Es N 3 jected 
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369 jected in Chap. XXIV. Book I. from Numb. 212. wh 
quite to the End of the Chapter. And 2 Liquid ma 
may be conſidered as an innumerable Quantity of So. ſh is 
lids, following one another, and running the ſame If 
Way. In the Motion of the Liquid, the Way gone I ty 
thro' may be perceived by our Senſes, and what I R, 
has been ſaid of Solids, obliquely projected, may I tha 
be reduced to Experiments by the Help of Li- Ax 
quids; for doing which we muſt make uſe of ] 
Quickſilver, becauſe of the great Specifick Gra- 
vity of this Liquid in reſpect of others : But 
theſe Experiments are to be made by a particular if lin- 
a Machine contrived as follows. I 


370 Plate XXIII. Fg. 1.] The wooden Trough I me. 
A, B, C, D, E, F, H, is four Foot and an half hol 
broad, eight or ten Inches long, and ſix or ſeven 
Inches high; the Bottom is made of a Board 
hollowed in half an Inch, to contain the Mer- 
cury the better. | aa | 


In the End H, of the Side E, F, H, you have 7 

a Board H I fix Inches wide, and two Foot wh: 

high, which has in it a Slit oz. By this means Bo? 

you may fix to any Height upon the Board the whi 

wooden Paralellopiped s, which has a Screw the 

fixed in its hinder Part. 3s con 

The ſecond Figure repreſents this Parallelo- I (#7 

piped at 8: there is faſtened to it a cylindrichfl 3 

Veſſel of Box Wood, which has a Groove round L.] 

it to receive two Braſs Plates, one of which may] wit 

be ſeen at fe; their Ends are joined together] ſtiff 

by the Screw G, ſo as to make the Box Vel-ſ m| 

ſel immoveable, till it is looſened by unſcrewing in 2 

, Which will allow it to move about its Axis. of: 

£ In the Bottom of this Veſſel there is a cylin- of t 

# * dqric Cavity 4b, a Quarter of an Inch Diameter; Pie 
this communicates with a like Cavity c, which 


ter minates in the Middle of the greater Cavity e 4 
8 Se ö 22 1 „ : „ whoſe 
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12. | whoſe Diameter is above half an Inch, that it 
1:4 | may receive the truncated Cone of Box H, which 
So. I is joined to the Cylinder I L, Fig. 3. 
me The truncated Cone H exactly fills the Cavi- 
one I ty © 4, and is held faſt in it by Help of the Screw 
hat R, that goes thro' the Braſs Plate Q O, but fo 
ay that this truncated Cone may turn upon its 
Li- i Axis. 
of In this Cone, as well as in the Cylinder I L, 
ra- there is a Cavity 5 1, of the ſame Diameter as 
zut the Cavity h c, and anſwering to it. This Cy- 
ilar linder I L has a Glaſs Tube N cemented to it. 
; The Tube is a Foot and a half long, one End 
of which is ſeen at N M (7s. 5.) which is ce- 
gh ff} mented alſo to the Box Cylinder L I, which is 
ialtI hollowed at J z B, with a round Hole in the Form 
ven of a Gnomon, or the Carpenter's Square; at Y c the 
Cavity is greater, to receive the truncated Cone 
CD, that exactly fills it, and is moveable about 4 
its Axis by the Help of the Handle E A. | 
The Cavity Y: anſwers to the Cavity 4 e, 


ave 
ot BY which communicates with Fg; this Part of the 
ans Box has driven upon it an Iron Ferril B Q, in 

BY which is drilled a very ſmall Hole g, which, when 


| the Parts of the Machine are joined together, 
| communicates with the Cavity of the Box P 


lo- (Fig. 2.) 

ric To prevent the Tube from breaking the Ends 
ind L. L. of the Box Cylinders (Fig. 3. and 5.) together 
day with the Tube, are joined cloſe to a ſtreight and 


{tiff Piece of Wood n (Tig. 1.) whoſe lower End 
m has an Iron Plate fixed to it (as may be ſeen | 
in Fig. 6.) whoſe End LP B Q is bent in the Figure = 
of a double Gnomon; when the End L. (Fig. 5.) 

of the Box Cylinder is applied to the End of the | 
Piece M N I of Fig. 5. it fits to I of Fig. 6. and = 
the Screw Q, applied to o, preſſes the Cylinder 

e BD | 
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BD of Fig. 5. and joins it firmly to the Cylin» 
der L 1. ; 7 
All the Parts of the Machine may be ſeen 
joined together at Fig. 1. Quickſilver, being pour- 
ed into the Veſſel p, ſpouts out of the Hole g, 
Fig. 5. When the Mercury is at the ſame Height 
in the Box, and you don't vary the Inclination 
of the Piece un, the Mercury ſpouts with the 
ſame Celerity in any Direction; but the Inclina- 
tion of the Direction may be varied by moving 
the Handle e (E A, in Fig. 5.) the Angle that 
the Direction, in which the Mercury goes out of 
the Hole, makes with the Horizon, may be mea- 
ſured by Help of the Quadrant g, along which the 
Index f h is moveable, which by its Weight is al- 
ways kept in a vertical Poſition. This Quadrant 
may be ſeen in Fig. J. with its Index FH, it has 
2 Rings behind, to receive the Handle EA, Fig. 5. 
When this Handle is vertical, the Index hangs a- 
gainſt the 45th Degree, and the Direction of the 
Motion of the Mercury, which ſpouts out then, 
makes a half right Angle with the Horizon. 

In Fig. 1. the Jets of Mercury in their ſeveral 
Directions are repreſented: They become the 
more viſible by Help af a woeden Plane & paint- 
ed black, along which the Mercury in its Mo- 
tion does almoſt ſlide: Upon this Plane muſt be 
drawn the Ways which a Body (according to 

what is ſaid in Numb. 212) runs thro', when it 
moves with the ſame Celerity according to Di- 
rections which make different Angles with the 

Horizon. Alſo the Semicircle AL of Plate XV. 
Fig. 5. muſt be drawn upon this Plane, tho? it 
could not be repreſented in this Figure. 

There are ſeveral other ſuch Planes, in which 
the ſame Things are drawn, but ſo as to repre- 
ſent the Ways of Projectiles, Ec. according to 
difterent Celerities. © | 85 

ED This 
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This Plane ſtands upright near the Middle of 
the Trough, and bears againſt the Side E FH, 
ſo as to move backwards and forwards accord- 
ing tothe Length of the Trough. « 
| 'TheCelerity of the ſpouting Mercury, is varied, 

as you change the Inclination'of the Piece # m; 
and, by lowering the Veſſel p, the Hole, thro? 
which the Mercury ſpouts, is ſet to the Directi- 
on of the Lines drawn on the Plane. 

The Mercury will ſtop its ſpouting, when the 
Cavity a 6 (Fig. 2.) is ſtopp'd with the Pin DE 
of Fig. 4. = 


Experiment 4. Plate XXIII. Fig. 1.] The Parts 
of this Machine being join'd and fix'd together, 
as in the Manner above deſcrib'd, incline the Piece 
1 in, till the Height to which the Mercury is to 
ſpout, when it nds to a Direction almoſt ver- 
tical, is nearly equal to the Diameter of the Se- 
micircle deſcrib'd on the Plane G. Let the Veſ- 


371 


ſel P be fix'd at ſuch a Height, and the Plane G 


be ſo plac'd, that the Axis of the Circumvolution 
of the Cylinder B D (Fig. 5.) ſhall anſwer to the 
loweſt Point of the Semicircle above-mention'd. 
Which Way ſoever the Inclination of the Dire- 
ction of the Jet (that is, of the Projection) be, 
its Amplitude will always be the Quadruple of 
the Line B M in the Semicircle AB L (Plate XV. 


Fig. 5.) There is indeed a ſmall Difference, which 


chiefly ariſes from the Reſiſtance of the Air, and 
muſt be obſerved in the following Experiments. 


Experiment F.] The Machine being diſpos d as in 
the foregoing Experiment, if the Mercury ſpouts 
in two Directions, and the Inclination of one 
of them exceeds a half Right-Angle, as much as 
the other is under it, the Mercury will cut the 
Horizontal Line which is drawn from the lower 

SS, Point, 
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Point of the Semicircle on the Plane G, juſt in 
the ſame Place in both Caſes. 


393 Experiment 6.) Every thing being diſpos'd as 
before, if the Way for any Direction of Motion 
be drawn on the Plane, and the Index f + agrees 
with that Diviſion of the Quadrant which de- 
notes that Inclination, the Mercury in. its Mo- 
tion will follow the Line drawn to repreſent 
its Way. If you draw the Ways for ſeveral An- 
gles, by the Motion of the Handle ae, you will 
bring the Mercury to ſpout in Jets that go along 
theſe very Lines. 


374 Fxperiment J.] Let there be another Plane as 
G, in which all the Lines above-mentioned are 
drawn for another Celerity of the Mercurial Jet, 
and the Experiments will ſucceed in the ſame 
Manner. | 5 

By the ſame Method, as we do by a Semicir- 
cle determine the Diſtance to which Bodies ob- 
liquely projected will fall, one may find the Di- 
ſtance to which the Liquor coming out of the 
Side of a Veſſel ſpouts, when the Veſſel is ſet 
upon a Horizontal Plane ; which Diſtance is dif- 
ferent according to the different Height of the 
Hole, the upper Surface of the Liquid remain- 
ing the ſame. 


375 Plate XXIV. Fig. 4.] Let AB be the Height of 

2 Veſſal fl d with a Liquid; ſuppoſe this Height 
cut into two equal Parts at C, with the Center 
C and Diſtance E A deſcribe a Semicircle ; et 
there be a Hole at E ; laſtly, draw E D perpendi- 
cular to A B, and terminated in the Circumfe- 
rence of the Semicircle at D. Let the Liquid ſpout 
from E to Fin the Horizontal Plane, and the Di- 
ſtauce BF will be double the Perpendicular E 7 
Whic 


mil W 
1 + 


S 


| 


= 


zVV 


| . mth) wn ö 
— inis Ml 
Yo e 


| 6c 


1144 8 
Tee 


TO 


I 
ü 


N 


0 
| 


| 


| 
| 


— 


Wl, 


| 
| 


I 


| 


l 


i 


I 


f 


» 
AY 
— o 
E 
A 2» 
7757 s 


20 
* 


— 


Mh 
=_- 


1677 


5711 


„ 


i 


I 


l 


| 
[1 
I 


0 


Book II. Of Natural Philoſophy. 187 
Which will be demonſtrated, if we conſider, 
that the Liquid, with an equable Motion with 
the Celerity that it has coming out of the Hole, 
wou d (in the I ime that a Eody can fall from E 
to B) run thro' the Space B F*. "209 
In all Motion, the Time remaining the ſame, 
the Space gone thro? is as the Celerity *; the *53 
Celerity remaining the ſame, ir is as the 'Time ; 
Therefore if you change the Time and the Ce- 
lerity, the Space gone thro' will be in a Ratio 
compounded of the Celerity and the 'Time ; and 
multiplying the Time by it, you will have the 
Space gone thro'; that is, if you apply this O- 
peration to different Motions, you will have ſuch 
Quantities as will expreſs the Proportion of the 
Spaces gone thro'. If you compute the Squares 
of the Celerities and the Time, you will have 
the Proportion of the Squares of the Spaces gone 
thro*. A E here expreſſes the Square of the Ce- 
lerity ; * EB the Square of the Time; “ there- *z55 
fore the Product of thoſe Lines expreſſes the 131 
Square of the Space gone thro' E F. But that 
Product is the Square of the Line ED, which 
therefore, changing the Hole, increaſes and di- 
miniſhes in the ſame Ratio as the Diſtance B F. 
Suppoſe the Hole in the Center C; BG, the 
Diſtance to which the Liquor ſpouts, is equal to 


B A, * and it is double the Perpendicular, which *357 , 
from C may be drawn to A B in the Semicircle; 37 


which therefore obtains in all Holes, and E D 
will be the Half of B F. | 

Hence it follows, that a Liqui d, ſpouting from 379 
a Hole in the Center C, will go to the greateſi Di- 


ſtance poſſible. | 


| Experiment 8. Plate XXIV. Fig. 1.] Here we 
muſt make uſe of the Machine, deſcribed in the 


foregoing Chapter*. Let the Water ſpout from 5e 


the 
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the Hole P, as in Experiment 2. Chap. VII. let it 
ſpout at the ſame Time from E, and alſo from 

E, where there is a Tube like thoſe which are 
made faſt at F and E; the Hole G is leſs than P, 
but the Hole E is farther diſtant from the Sur- 
face of the Water, the Water comes from nei- 
ther of them to the Diſtance to which it comes, 
when ſpouting from F. 


Plate XXIV. Fig. 4.] From what has been 
faid, it follows, That the Water ſpouts to the ſame 
Diſtance from the Holes Ee equally diſtant from the 
Center C, becauſe in that Caſe the Perpendicu- 
lars ED and Ed are equal. 


377 Experiment 9. Plate XXIV. Fig. 1.] From F 

let there be drawn a horizontal Line which goes 

through H; if HG and HE are equal, the Wa- 
ter will go from each Hole & and E to L. 


CHAP IX 


Of a Liquid flowing out of Veſſels, and the 


Irregularities in that Motion. 
3787 ! 'HE Quantity of a Liquid, which in 4 given 


Time flows from a given Hole, increaſes in 
Proportion to the Velocity of the Liquid going 


out ; this depends upon the Height of the Li- 


quid above the Hole, and tis no Matter to what 
Part the Motion of the Liquid is directed; 
*354 ® therefore the Squares of the Quantities flowing 
out are in the Ratio of the Heights of the Liquid 


. *®355 above the Holes x. | 
In the Time in which a Body falling freely 
goes through the Height of the Liquid above 
the Hole, a Column of the Liquid flows out 
% equal in Length to twice that Height; the 
134 Hole itſelf is the Baſe of the Column, and is 
| | | given 
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given; if the Height of the Liquid above the 
Hole is known, the whole Column is known; 


the Time alſo is eaſily determined by Expe- 
riments of Pendulums, * but having found whar *'57 


Quantity flows out in a known Time, one 
may know what Quantity will flow out in a 
given Time. | 

Here you muſt obſerve, that the Reſiſtance of 
the Air, and the Friction of the Liquid againſt 


the Sides of the Hole, hinders the Motion of 


the Liquid, and that the Rule above-mentioned 
does not exactly obtain, and that there always 
flow out a leſs Ce than what there is de- 
termined by it. Yet making Experiments with 
Water, it is plain, that the Quantities, which 
flow from the ſame Hole in equal Times, ſenſi- 
bly keep the Proportion of the Squares of the 
Heights of the Water above the Hole, in 
Heights not exceeding fifty Foot. 

In Veſſels which are not ſupplied by the flow- 
ing in of the Liquid, the Celerity of the Liquid 
flowing out is continually changed, to which 


Regard muſt be. had, when you compare toge- 
ther the Times in which different Veſſels are 
emptied. i 


Here we conſider cylindric Veſſels; and what 
is here ſaid may be applied to any Veſſels that 
are of the ſame Bigneſs, from Top to Bottom; 
we ſuppoſe the Liquid to flow out from a 
Hole in the Bottom. 


The Times in which cylindric Veſſels of the ſame 37 9 


Diameter and Height are emptied, the Liquid flowing 


from unequnt Holes, are to each other inverſely as 


thoſe Holes. 

If we ſuppoſe that theſe Veſſels are divided 
into very {mall equal Parts, by Planes parallel to 
their Baſe ; and that the Diviſions of each Veſſel 


don't differ from one another, when we * 
5 | . the 


= RSS tro: 
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the ſmalleſt Parts, one may conceive that the 
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Celerity is not changed in the Evacuation of one 
Part. The ee of a Liquid which flows 
from a Hole, if the Celerity is not changed, in- 
creaſes with the Hole and with the Time; that 
is, in a Ratio compounded of the Time and of 
the Hole. 'The correſpondent Parts in the Veſ- 
ſels are emptied with equal Celerities, and the 
aforeſaid compounded Ratio obtains here: the 


ſame Parts alſo, that is, the Quantities of the 


380 


Liquid which flow out, are equal; wherefore 
the Difference of the Times is recompenced by 
the Difference of the Holes; that is, the Times 
are in the ſame, but inverſe Ratio, as the Holes. 
Now as this happens in all the correſpondent 
Parts, it muſt alſo be referred to the Times of 
the whole Evacuations of the Veſſels. 
ben the Veſſels are cylindric, unequal, and equal- 
Iy bigh, they areemptied tbro equal Holes, in Times 
that are to one another as the Baſes of the Cylinders. 
Let the Veſlels again be ſuppoſed to be divi- 
ded into very ſmall Parts, and equal in Number 
in each Veſſel; the Liquid of the correſpondent 
Parts flows thro* equal Holes, and with equal 
Celerity : therefore the Quantities that flow out 
are as the Times; and conſequently the corre- 
ſpondent Parts themſelves are in that Ratio of 
the Times, which are as the Baſes of the Cylin- 
ders: But the Times of the whole Evacuations 
are as the Times in which the correſpondent 
Parts are evacuated.  —_ . 
Laſtly, Let there be two cylindric Veſſels, whoſe 
Baſes are equal, but their Heights, for Example, as 
1 70 4, and let them be evacuated thro equal Holes: 


Let [theſe alſo be conceived to be divided into 


very ſmall Parts, by Planes parallel to the Baſe ; 
and let the Number in thoſe Parts be equal in 
each Veſle} ; thoſe Parts will be to one another 
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as the Veſſels, that is, as 1 to 4. We can conſider 

every Part as evacuated by an equable Motion, 

becauſe the Parts are very ſmall ; the Ceſerities 

in the correſpondent Parts are every where, as I 

to 2, * becauſe the Heights of thoſe Parts above *355 

the Baſes are as the Heights of the Veſſels, which 

are as the Squares of thoſe Numbers. Whence 

it follows, that the Times, in which correſpon- 

dent Parts are evacuated, are to one another, 

as I to 2; becauſe in twice the Time with a 

double Celerity, a quadruple Quantity is evacu- 

ated. But as the Times are in the ſame Ratio 

for each correſpondent Part, the Times in which 

the whole Veſſels are evacuated are alſo. as 1 to 

2, If the Veſſels are, as 1 to 9, the Times will 

be, by a like Demonſtration, as 1 to 3 ; and 

generally the Times are as the Celerities in which 

correſpondent Parts are evacuated, the Squares 

of whoſe Celerities are as the Heights of the Veſ= | 

—— * in which Ratio alſo are the Squares of the *355 * 1 
mes. | : | 


Experiment 1. Plate XXIV. Fig. 2.] Let there Y 
be three thin cylindric Veſſels of Metal A, C, B, 4 
having equal Diameters, and whoſe Heights are, _— 
as 1, 3, and 4; let each of them have a Lip in the 

Top to let the Water run out, when .it comes to 

a certain Height, which Lip muſt be reckoned 

the Top of the Veſſel; in the Bottoms of the 

Veſſels A and B, which are, as 1 and 4, let there 

be equal Holes, and let them be filled with Wa- 

ter; let the Holes be opened in the ſame Mo- 

ment; if the Water running out of B be received 

in the Veſſel C, it will be filled in the ſame Time 

that A is evacuated. C contains three Quarters of 

the Veſſel B; the Quarter which is left will alſo 

be evacuated in the ſame Time as the Veſſel A, 

42004 which 

| 5 


382 
380 
*379 
1381 


883 


*281 


2381 
355 


384 


at the ſameHeight Jin theTime in ubichtbe cylinder 
AI emptiedtbere runs out twice as muchIWater from 
the other Veſſel as from the Cylinder. For, becauſe of 


2384 


—_ 
Vhich is evident to Senſe ; therefore A is empriz 
ed twice, whilſt B is emptied once. | 


Beginning are equal ; the Celerity 
which comes out of the Veſſel that is always 
kept full, is 
which runs out of the 
ed. * Therefore, whilſt the Cylinder is emptying, 
there will flow twice as much Water out of this 
Veſſel as out of the Cylinder: For if two Bodies 
are dri ven with the fame 
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The Times, in which any cylindric Veſſels art 
evacuated, are ina Ratio compounded of the Baſes,* 
of the inverſe Ratioof the Holes, and of the ſquare 
Roots of the Heights. * | 

The cylinarick Veſſel may be ſo divided, that the 
Parts intercepted between the Diviſions ſhall be 
emptied in equal Times, which will happen, if th: 
Diftances of the Divifions from the Baſe be as the 
Squares of the natural Numbers ; for the Times of 
the Evacuations of the Veſſels, whoſe Heights are 
in that Proportion, are as the natural Numbers, 
and the Differences of the Times are equal. 

The Time, in which a cylindric Veſſel is etnpti- 
ed, is as the Celerity with which the Liquid be- 
gins to run out; * therefore the Celerity, while 
the Liquid deſcends in the Veſſel, is diminiſhed 
in the ſame Ratio as the 'Time of the Evacuation 
of the Liquid remaining in the Veſſel, and be 
Motion of a Liquid, running out Ma cylindric Veſſel, 
is equally retarded in equal Times. 

Tfthro equal Holes a Liguid runs out of a Cylinder, 
and out of another Veſſel of the ſame Height, ( and in 
which the Liquid is always ſupplied ſo as to be kept 


the equal Height of the Veſſels, theCelerities in the 


of the Liquid, 


equable ; the Celerity of the Liquid, 
Cylinder, is equably retard- 


Celerity, and the firſt 
EK goes 


goes with an equable Motion and the ſecond 
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with a Motion equally retarded, and they move 

till they have loſt all that Motion, the firſt in 

that Time will run double the Space of the ſe- 

cond ; * here the Liquor that runs out may be *13; 

look'd upon as the Space gone thro”, becauſe the * 09 

Holes are equal. 54 
Beſides the Irregularities from Priffion, and the 3 66 

* MRefſtance of the Air, there are ſeveral others ari- 

ing from the Coheſion of Parts, even in Liquors 

that are not glutinous. I ſhall here only ſpeak of 

Water. We obſerve in Relation to it, that, tho it 

be driven by the ſame Force in any Direction, *354 

the Height of the Water above the Hole remain- 

ing the ſame, yet it will deſcend the more ſwiftly 

in a vertical Direction; the Water, in falling, is con- 

Jtinually accelerated in its Motion, it coheres with 

Ithe following, and accelerates that, and increaſes 


the Velocity of the Water rr out bug the 
[Veſſel. | | 


| Plate XXIV. Fre. 2] For this Reaſon the Mo- 387 
tion out of aVeſſel, that has a Tube fix'd to its under 
14e, 7s alſo accelerated. Let E be ſuch a Veſſel 
[equal and fimilar to the Veſſel A, and which, 
[together with the Tube, makes up the Height 
of the Veſſel B; let the Tube, have the Holes at 
both Ends, equal to the Holes at the Bottoms of 
the Veſſels A and B, fill the Water in the Veſ- 
ſſels A, E, and B. In the Beginning of the Mo- 
tion, the Water flows from the Veſſel E and B 
with equal Celerity, becauſe the Heights of the 
Water above the Holes, from which the Water 
1677 out, are equal; but the Celerity, in the Veſ- 
el E, is e Uiminiſhed, becauſe: there 
[cannot run a greater Quantity of Water out of 
[the Tube chan what comes in at the upper Hole 
of the 'Tube, /into Cs Hole no more Water 


194 Mathematical Elements Bock II. 


can run in, than what can flow out at the Veſſſel 
A. Since the Parts of the Water cohere, the Wa- 
ter, which runs out, accelerates that which runs 


into the Tube, and this laſt retards that which 


runs out; and ſo the Quantity of Water, which 
in a certain Time runs out of the Veſſel E, is a 
mean Quantity between the Quantities of Wa. 
ter that can run out at the ſame Time from the 


Vedſſels A and B. 


Experiment 2.] The Veſſels A E and B being 
made of ſome thin Metal, in the Proportions a- 


bove- mentioned, fill with Water A and E; ha- 


388 


ving opened the Holes at the ſame Inſtant of 
Time, the Water of the Surface at E will de- 
ſcend faſter than that at A: On tlie contrary, if 


you make uſe of the Veſſels E and B, it wil 
deſcend faſter in the laſt than in the firſt. 

Let the upper Hole of the Tube, by which it con- 
municates with the Veſſel, remain as before ; and 
the lower Hole be open d wider; then a greater 
Quantity of Water will flow out, and the Water 
which goes into the Tube will be more accelerated; 


this Hole may be made ſufficiently wider withont 


altering the Length of the 'Tube, inſomuch that 
a greater Quantity of Water ſhall flow out from it 
than from the Veſſel B. In that Caſe thro' the 


upper Hole of the Tube, at a ſmall Depth be- 


low the Surface of the Water, there flows out a 


greater Quantity of Water, than from an equal 


Hole four Times the Depth. The ſame may 


\ 


de done by applying a longer Tube, without wi 


dening its lower Hole. 


+ , Veſſel F no Way different from the Veſſel E, but 
take alſo the above-mentioned Veſſel B. The 


: Experiment 3. Plate XXIV. Fig. 2.] Take the 


in having the lower Hole of its Tube bigger; 
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Diameters of the Hole in the Bottom of this, 
and of the upper Hole of the 'Tube which is 
joined to F are of four Lines (or . of an Inch) 
the lower Hole of this Tube is of five Lines. 
Let the Veſſels be filled with Water; and let the 
Water begin to run out of both at the ſame Mo- 
ment ; the Surface of the Water in F will de- 
ſcend faſter ; than that of B. The Veſſel B is a- 
bout 16 Inches high. | 


CG H A P. 5 4 
Of the Running of Rivers. 


| Derintrtion I. 

þ % HE Water that runs by its own Gravity, in 389 

I a Channel open above, as A E, is called a Ri- 

ver, (Plate XXV. Fig 1.9 . 
DETINITION II. 

A River is ſaid to remain in the ſame States 390 
or to be in a permanent State, when it flows uni- 
formly, fo as to be always at the ſame Height in the 
ſame Place. | 

DETINITION III. 

A Plane, which cutting a River is perpendicular 39 
to the Bottom, as pong, is called the Section of a 
River. | 

When a River is terminated by flat Sides pa- 
rallel to each other, and perpendicular to the 
Horizon, and the Bottom alſo is a Plane either 
horizontal or inclined, the Section of the River 
with theſe three Planes makes Right Angles, and 
is a Parallelogram. , | 

In every River that is in a permanent State, the 392 
ſame Quantity of Water flows in the ſame Time thro 
every Section. For . there be in every Place 
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as great a Supply of Water, as what runs from 


it, the River will not remain in the ſame State. 


And this Demonſtration will not hold good, what- 
ever be the Irregularity of the Bed or Channel, 
from which, in another Reſpect, ſeveral Changes in 
the Motion of the River ariſe ; as, for Example, 
a greater Friction in proportion to the greater 
Inequality of the Channel. 5 

The Irregularities in the Motion of a River 
may be infinitely varied, and Rules cannot be 
given to ſettle them: Therefore ſetting aſide 
all Irregularities, we muſt examine the Courſe of 
Rivers; for, unleſs the Laws of Motion be known 
in that Caſe, we have no certain Foundation for 
determining any Thing. 

Therefore, we ſuppoſe the Water to run in a 
regular Channel, without any ſenſible Friction, 
and that the Channel is terminated with plane 
Sides that are parallel to one another and verti- 
cal; and alſo that the Bottom is a Plane, and 
inclined to the Horizon. K | 

Let A Ebe the Channel, into which the Water 
runs from a greater Receptacle or Head ; and let 


the Water always remain in the ſame Height at 
the Head, ſo that the River may be in a permanent 


State. The Water deſcends along an inclined 


__ * 
144 Plane, and is accelerated; * whereby, becauſe 


the ſame Quantity of Water flows thro” every 


* 392 Section, * The Height of the Water, as you re- 
393 cede from the Head of the River, is continually 
_ diminiſhed, and the Surface of the Water will 


acquire the Figure 2 45. | 

To determine the Velocity of the Water in 
different Places, let us ſuppoſe the Hollow of 
the Channel A D C to be ſhut up with a Plane; 
if there be a Hole made in the Plane, the Wa- 
ter will ſpout the faſter thro* the Hole, as the 


Hole is more diſtant from the Surface of the 


Water 
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Water Yi; and the Water will have the ſame 
Celerity that a Body, falling from the Surface of 
the Water to the Depth of the Hole below it, 
would acquire; “ which ariſes fromthe Preſſure * 55 
of the ſuperincumbent Water. 'There is the ſame 
Preſſure, that is, the ſame moving Force, when 
the Obſtacle at AC is taken away ; then every 
Particle of Water enters into the Channel, with 


the Celerity that a Body would acquire in falling 


from the Surface of the Water to the Depth of 
that Particle. This Particle is moved along in 
an inclined Plane in the Channel, with an acce- 
lerated Motion; and that in the ſame Manner, 
as if, in falling vertically, it had continued its Mo- 
tion to the ſame Depth below the Surface of the 
Water in the Head of tlie River.“ So, if you 150 
draw the horizontal Line 7 7, the Particle at r 
will have the ſame Celerity as a Body falling the 
Length -C, and running down Cr, can ac- 
quire ; which is the Celerity acquired by the 
Body in falling down r. Therefore the Cele- 
rity of a Particle may be every where meafured, 
drawing from it a Perpendicular to the horizon- 
tal Plane, which is conceived to run along the 
Surface of the Water. in the Head of the River ; 
and the Velocity, which a Body acquires in fall- 


ing down that Perpendicular, will be the Cele- 


rity of the Particle ; which is greater, the longer 
the Perpendicular is. From any Point, as r, draw 


7 perpendicular to the Bottom of the River, 


which will meaſure the Height or Depth of the 


River. Since vs is inclined to the Horizon, if 


from the ſeveral Points of that Line you draw 
Perpendiculars to 2, they will be the ſhorter, 
the more diſtant they are from r, and the ſhort- 
eſt of them all will be /v : Therefore the Cele- 
rities of the Particles in the Line 7 s are ſo much 
the leſs, the nearer they are to the Surface of the 

18 0 3 River, 
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394 River, and the lower Water is moved faſter, than the 
upper Water. 5 


g95 But yet theCelerities of thoſe Waters, as the River 
rums on, continually approach nearer and nearer to an 
Equality. For the Squares of thoſe Celerities are 
as 1 t to gv, the Difference of which Lines, as 
you recede from the Head of the River, is con- 


* 393 tinually leſſened, becauſe of the Height 7 5, * 


which is alſo continually diminiſhed as the Lines 
themſelves are lengthened. Now as this obtains 
in the Squares, it will much . more obtain jn the 
Celerities themſelves, whoſe Difference therefore 
is diminiſhed as they increaſe. eee a 6 
396 Ifthe Inclination of the Bottom'be changed at 
the Head of the River, ſo as to become y 2, and 
a greater Quantity of Water flows into the Channel, 
it will be bigher every where in the River, but the 
Celerity of the Water is no where changed. For this 
Celerity does not depend upon the Height of the 
Water in the River, but, as has been demonſtra- 
ted, from the Diſtance of the moved. Particle from 
the horizontal Plane of the Surface at the Head 
continued over the ſaid Particle ; which Diſtance 


is meaſured by the Perpendicular r 7 or + 4 but 


theſe Lines are not changed by the Afflux of Wa- 
ter, provided that the Water remains at the ſame 
Height in the Baſon or Heat. 

397 Letthe upper Part of the Channel be topped up by 
an Obftacle, as X, which deſcends a little Way below 


the Surface of the Water ; the whole Water which 


comes cannot run through, therefore it muſt riſe 
up: But the Celerity of the Water below this 


* 396 Cataract is not increaſed © * and the Water that 


comes on is continually ' heaped up, fo that at 
laſt it muſt riſe ſo as to flow over the Obſtacle 
or the Banks of the River. But if the Banks be 
raiſed and the Obſtacle be continued, the Height of 
the Water would riſe abovethe Line it; but, 1 2 
= that, 
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that, the Celerity of the Water cannot be in- 
creaſed: In which Caſe the Height of all the 
Water in the Head will be increaſed; for as we 
ſuppoſe the River in a permanent State, there 
muſt continually be as great a Supply of Water 
to the Head, as there runs from it down the 
Channel; but, if leſs Water runs down, the 
Height muſt neceſſarily be increaſed in the Head, 
till the Celerity of the Water flowing under the 
Obſtacle be ſo much increaſed, that the ſame 
Quantity of Water ſhall run under the Obſtacle, 
as uſed to run in the open Channel before. 
All theſe Things, as we have already ſaid, if 2 
we abſtract from all the Irregularities, are true; 
and, the leſs the Irregularities are, the more will 
the true Motions agree with what we have ſaid: 
concerning which, before we can make any Judg- 
ment, we muſt be able to compare the Veloci- 
ties of Water by Experiments, and ſo determine 
the Velocities themſelves, as to know the Spa- 
ces gone thro' in a certain Time. 


Plate XXV. Fig. 2.] Let A C B be a Qua- 
drant divided into Degrees, * with a Thread in 395 
the Center, that has at the. other End a Ball P 
hanging, which is heavier than the Water. | 

Let the Ball hang within the running Water, 399 
whilſt you hold the Side C A of the Quadrant 
in a vertical Pofition ; the Ball by the Motion 
of the Water will be ſo far ſuſtained, that the 
Thread P C will make the Angle PCA, with 
the Side C A, which will ſerve to determine the 
Celerity of the Water running againſt the Ball. 

The Ball, being at reſt in the Water, is drawn 
by three Powers ; by its Gravity it endeavours to 
deſcend vertically; by the Action of the Liquid 
it is carried in the Direction of the Motion of 
the Water ; and, laſtly, it is drawn by the Thread 
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along PC. Draw the Triangle E FE G, in which 
E F repreſents the vertical Line; let FG make 
with that Line the Angle E F G, equal to the 
Angle which the Direction of the Motion of the 
River makes with the vertical Line; laſtly, let the 
Angle & E F be equal to the Angle PC A. The 
Sides of the Triangle E FG are parallel to the Di- 
rections of the three Powers above-mentioned ; 
therefore the Powers are to one another, as thoſe 
Sides *: If therefore E F expreſſes the reſpective 
Gravity of the Ball, FG will expreſs the Action of 
the Water on the Ball. If you make ſeveral Expe- 


riments in different Places with the ſame Ball, you 


324 


400 


muſt draw fuck 'Triangles, the Side F remaining, 
(which denotes the reſpective Gravity of the 
Ball that never changes) the Sides that are as 
FG will have the fame Proportion, as the Actions 
of the Water on the Ball. But theſe are as the 
Squares of the Velocities of the Waters in the 
Places in which the Experiments are made * ; for 


there is no Difference, in reſpect of the Action of 


the Water on the Ball, whether the Ball be mo- 
ved and the Water at reſt, or, on the contrary 
the Water be moved and the Ball at reſt. 
The Action of the Water againſt the Ball may 
be compared with the Weight, for it is to the 
reſpective Gravity of the Ball, as F G to EF. 
But this Action is equal to the Reſiſtance 
which a Body ſuffers, when it is moved thro” 
quieſcent Water with the ſame Celerity with 
which the flowing Water does now ſtrike againſt 
the Body which is at reſt: By knowing the 
Weight, which is equal to the Reſiſtance, we 
know what Space could be run thro' in a gi- 
ven Time, with the Celerity with which the 


336 Body moves; * therefore we ſhall alſo here 
know what Space the Water can gothro' in a 


known Time, and ſo likewiſe what Quantity of 
3 | 4 AG. + 3 3 3 A Water 
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Water flows in a given Time thro” a Place given 
in the Section of the River. | 

Here it is to be obſerved, that the Determina- 
tion of the Velocity of the Water will not be 
exactly ſettled, if the Experiment be made to- 
wards the Surface of the Water, becauſe there 
the Action of the Water upon the Globe is irre- 
gular.* 


XX 


328 


This Celerity may be determined by immer- 40x 


ging in Water a Body which is but a little lighter 


than Water, and which, ſwimming at the Surface, 


does not float ſo high above it, as to be affected by 
the Motion of the Wind; as the ſpecifick Gravi- 
ties of the Water and the Body ſcarce differ at all, 
and this Body may be look'd upon as wholly im- 
merſed, it will move with the ſame Celerity as 
the Water ; and you may, by Help of a'Pendulum, 
meaſure the Time in which a Body runs thro' a 
certain Space that was meaſured before. When 
the Surface of the Water is agitated by the Wind, 


the Experiment will not ſucceed well, becauſe of 


the Motion of the Waves, which cauſe an Irre- - 


gularity in the Motion of the Body. 


. Cl us... 
Of the Motion of the Waves. 


1 H E Surface of the ſtagnant Water is plane, 402 


and parallel to the Horizon * ; if it be- 272 


comes hollow at A (Plate XXV. Fig. 3.) upon 
any Account whatever, this Cavity is ſurround- 
ed with the Elevation B B; this raiſed Water 
deſcends by its Gravity, and, with the Celerity 
acquired in deſcending, it forms a new Cavity, 
by which Motions the Water aſcends at the Sides 


of 
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of this Cavity, and fills the Cavity A, whilſt 
there is a new Elevation towards C; and, when 
this laſt is depreſſed, the Water riſes anew to- 
wards the ſame Part; whence there ariſes a Mo- 
tion in the Surface of. the Water, and a Cavity, 


which carries an Elevation before it, is moved 


from A towards C. 2 


DEFINITION I. 
. This Cavity, with the Elevation next to it, is 
called a Wave. | 


DEgrTINITION II. 


404 The Breadth of a Wave 7s the Space taken up 


by a Wave in the Surface of the Water, and mea- 
fur'd according to the Direction of the Wave's Mo- 
tion. | 225 

The Cavity, as A, is encompaſs d every Way 
with an Elevation, and the Motion above-men- 


tion'd expands itſelf every Way, therefore the 


405 Waves are moved circularly. 


2 2 


Plate XXV. Fig 4.] Let A B be an Obſtacle, 
againſt which the Wave, whoſe Beginning is at 
C, does run; we muſt examine, what Change 
the Wave ſuffers in any Point, as E, when it is 
come to the Obſtacle in that Point. In all Pla- 
ces thro* which the Wave runs, whilſt it goes for- 


ward its whole Breadth, the Wave is rais'd ; then 


a Cavity is form'd, which is again filld up, 
which Change while the Surface of the Water 
undergoes, its Particles go and come through a 
ſmall Space. The Direction of this Motion is 
along C E, and the Celerity may be repreſented 
by that Line ; let this Motion be conceiv'd to 


be reſolved. in two other Motions along G E 


* 192 


and D E, whoſe Celerities are reſpectively re- 


preſented by thoſe Lines x. By the Motion a- 
- long 


1 


w 1 


do my 
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long D E the Particles do not act againſt the Ob- 
ſtacle, and after the Stroke continue their Motion 
in that Direction, with the ſame Celerity; and 
this Motion is here repreſented by E FE, ſuppo- 
ſing E F and E D to be equal to one another, by 
the Motion along & E the Particles ſtrike direct- 


ly againſt the Obſtacle, and this Motion is de- 
troy'd; * for tho theſe Particles are elaſtick, 162 


vet, as in the Motion of the Waves they run 
thro” but in a ſmall Space, going backward and 
forward, they are mov'd ſo ſlowly, that the Fi- 
gure of the Particles cannot be chang'd by the 
Blow, and ſo they are ſubject to the Laws of 
Bodies perfectly hard. But there is a Reflexion 
of the Particles from another Cauſe; the Water 
which cannot go forward beyond the Obſtacle, 
and ĩs puſh'd on by that which follows it, yields 
that Way where there is the leaſt Reſiſtance, that 
is, aſcends; And this Elevation greater than in 
other Places is caus'd by the Motion along G E, 
becauſe *tis by that Motion alone that the Parti- 
cles come againſt the Obſtacle. The Water, by 
its Deſcent, acquires the ſame Velocity with 
which it was raiſed ;,and the Particles of Water 
are repelled from the Obſtacle with the ſame 
Force in the Direction E &, as that with which 
they came againſt the Obſtacle. From this Mo- 
tion and the Motion above-mentioned along EF, 
ariſes a Motion along E H, whoſe Celerity is 
expreſſed by the Line E H, which is equal to 
the Line C E; and by the Reflexion the Celeri- 
ty of the Wave is not changed, but it returns a- 
long EH in the ſame Manner, as if, taking away 
the Obſtacle, it had moved along EVH. If from 
the Point C, C D be drawn perpendicular to the 
Obſtacle, and then produced, ſo that De ſhall. 
be equal to C D, the Line H E continued will 

a g0 


204 


go through c ; and, as this Demonſtration holds 


406 


4 ; 


Hole, continues its Motion directly, and ex 
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good in all the Points of the Obſtacle, it follows 
that he reflected Wave bas the ſame Figure on that 
Side of the Obſtacle, as it would have had beyond 


the Line A B, if it had not run againſt the Obſtacle. 


If the Obpaciet be inclinedio the Horizon, the Water 

riſes and deſcends upon it, and ſuffers a Friction, 

whereby the Reflexion of the Wave is diſturbed, and 

often wholly deſtroyed. 'This is the Reaſon, why 

very often the Banks of Rivers do not reflect' the 
aves. 


the Part of tlie Wave, which goes through © the 
ands 
itſelf towards QQ, and there. is a new Wave 
forntd, which moves in a Semitircle, whoſe Center is 
the Hole. For the raiſed Part of the Wave, which 
firſt goes throu h the Hole, immediately flows 
down a little at the Sides, and then, by deſcend- 
ing, makes a Cavity, which is {ſurrounded with 
an Elevation on every Part beyond the Hole, 
which moves every Way in the ſame Manner, as 
was ſaid concerning the Generation of the firſt 
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In the ſame Manner a Wave, to which an Ob- 
ſtacle, as A O, is oppoſed, continues to move 
between ON; but expands itſelf towards R in 
a Part of a Cirele, whoſe Center is not very far 
from O. 

Hence we may eaſily deduce what muſt be ihe 
Motion of a Wave behind an Obſtacle, as M N. 

IVaves are often produced by the Motion of a tre- 
mulous Body, which alſo expand them ſel ves circular- 
iy, tho' the Body goes and comes in a Right Line; : 


for the Water, which is raiſed by the Agitation, 


deſcending, forms a Cavity, which is every where 


Turrounded with a Riſing. 


Different 


When t here is a Hole, as 11, in an Obſtacle, as BE. 


vw 9 „ _ 
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Reaſon of which Effe& is, that whatever Figure 
the Surface of the Water has acquired by the 
Motion of Waves, there may in that be an E- 


Tevation and a Depreſſion, as alſo ſuch a Motion 


as is required in the Motion of a Wave. 
Whoever has attentively conſidered the Moti- 
on of the Waves, will find that all theſe 'Things 


agree with Experiments, 


To determine the Celerity of the Waves, a- 413 


nother Motion, analogous to their Motion, is 
to be examined. Let there be a Liquid 2 the 
recurve cylindric Tube EH (Plate XXV. F. 5.) 
and let the Liquid in the Leg EP be higher 
than in the other Leg by the Biltance ZE; which 
Difference is to be divided into equal Parts at 
7. The Liquid by its Gravity deſcends in the Leg 
EF, whilſt it aſcends equally in the Leg EH; 
and ſo, when the Surface of the Liquid is come to 
z, it is at the ſame Height in both Legs, and that 
is the only Poſition in which the Liquid can be at 
reſt : But, by theCelerity acquired by deſcending, 


it continues its Motion, and aſcends higher in 


the Tube GH, and in EF it is depreſſed quite 
to /, except ſo much as it is hindered by the Fri- 


ction againſt the Sides of the Tube. The Li- 


uid in the Tube GH, which is higher, alſo de- 
ſcends by its Gravity; and ſo the Liquid in the 
Tube riles and falls, till it has loſt all its Motion 
by the Friction. „ 
The Quantity of the Matter to be moved is 


the whole Liquid in the Tube; the moving Force 


is the Weight of the Pillar / E, whoſe Height is al- 
ways double the Diſtance Ei; which Diſtance 


therefore increaſes and diminiſhes in the ſame 


Ratio with the moving Force. But the Diſtance 


EZ is the Space to be run through by the _— 
| | that 
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Different Waves do not diſturb one another, when 412 
they move according to different Directions. The 
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that from the Poſition EH it may come to the 
Poſition of Reſt; which Space therefore is al- 
ways as the Force which continually acts upon 
the Liquid: But we have demonſtrated that it is 
upon this Account, that all the Vibrations of a 
Pendulum, oſcillating into a Cycloid, are per- 
formed in the ſame Time; and* therefore here al- 
ſo, whatever be the Inequality of the Agitations, the 
Liquid always goes, or comes, in the ſame Time. 

The Time in which a Liquid, thus agitated, a- 


ſcends, or deſcends, is the Time in which a Pendulum 


vibrates, whoſe Length, that is, the Diſtance be- 


tween the Center of Oſcillation and Suſpenſion, is | 


equal to Half the Length of the Liquid in the Tube, 


or to Half the Sum of the Lines EF, FG, GH. I 


This Length is to be meaſured in the Axis of the 
Tube. 


Plate XXV. Fig. 6.] Let ſuch a Pendulum 
vibrate in a Cycloid, in the Manner explain- 
ed above (Page 62 and 63.) Let the Pendulum 
BC and the Arc AD be of the ſame Length ; 
for the Arc CA is equal to the Arc AD, 
and the Thread, by which the Pendulum is 
ſuſpended, applies to it, when the Body ſuſpend- 
ed is at A; in that Point the Direction of the 
Curve is perpendicular to the Horizon, and the 
Body endeavours to deſcend with all its Weight 


along the Curve : But this Weight is to the Force 


acting upon the Body, when it is at P, as AD, 
or PC to PD. * Now let the Liquid be in 


ſuch a Foſition, that 7 E (Fig. 5.) be equal to 
P, D; the Weight of the whole Matter to 


be moved, that is, of the whole Liquid, is 


to the Weight /E (which is the Force acting 


upon the Liquid in that Poſition) as the 


Length of the Liquid in the Tube to the Line 


E, in which Ratio alſo the Halves of thoſe 
£4 0 8 Quantities 
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rm wang are, that is, PC to PD (Fig. 6.) 
Therefore in the Pendulum the Weight of the 
Matter to be moved is to the Force acting upon 
it, at P, as in the Tube, the Weight of the Mat- 
ter to be moved is to the Force acting upon it 
in the Poſition E H. 'Therefore the pendulous 
Body and the Liquid, in this Caſe, are acted up- 
on by equal Forces, and this always obtains 
where the Spaces to be run through by the Li- 
quid in Agitation, and by a Body in Vibration, 
are equal; therefore in this Caſe the Agitation 
and the Vibration are perform'd in the ſame 


Time, and not only in this Caſe, but always. * *413 


But, as the ſmall Vibrations in a Circle do not 
differ from the Vibrations in a Cycloid, the De- 
monſtration will agree with them. 


Experiment.) Take a cylindric recurve Tube, 
as EFGH; let the Length of the Legs be one 
Foot, and the Bore of the Cylinder half an Inch ; 
pour Mercury into this Tube, and having made 
a Pendulum, whoſe Length is equal to Half the 
Length of the Cylinder of Mercury in the Tube ; 
if the Mercury be agitated in the Tube, it will 
aſcend and deſcend in the ſame Time as the Pen- 
dulum will go and come. . 


Plate XXV. Fig. J.] To determine the Celeri- 
ty of the Waves from what has been ſaid, we 
muſt conſider ſeveral equal Waves that follow one 
another immediately, as A, B, C, D, E, F, which 
move from A towards F, the Wave A runs its 
Breadth, when the Cavity A is come to C; which 
cannot be, unleſs the Water at C aſcends to the 
Height of the Top of the Waves, and again de- 
ſcends to the Depth C; in which Moment the 
Water is not agitated ſenſibly below the Line 


bi; therefore this Motion agrees with the Mo- 
tion 
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tion in the 'Tube above-mentioned, and the Wa- 
ter aſcends and deſcends ; that is, the Wave 
goes through its Breadth, whilſt a Pendulum of 
the Length of half B C performs two Oſcillations 


*414 * or whilſt a Pendulum of the Length B C D, that 


is four Times as long as the firſt, performs one 


*:;8 Vibration *. 


" 


415 


Therefore the Celerity of a Wave depends up- 
on the Length of a Line B, C, D, which is great- 
er, according as the Breadth of the Waves is 
greater, and as the Water deſcends deeper in the 
Motion of the Waves. 

In the broadeſt Waves, which do not riſe high, 
ſuch a Line as B C D does not much differ from 
the Breadth of the Wave, and in that Caſe a Wave 
rims through its Breadth, whilſt a Pendulum, equal 
to that Breadth, oſcillates once. In every equable 
Motion, the Space gone through increaſes with 
the Time and the Celerity ; wherefore multi- 
plying the Time by the Celerity, you have the 
Space gone thro' ; whence it follows, that 7he Ce- 


416 lerities of the Waves are as the Square Roots of their 


p58 
415 


Breadths : For, as the Times in which they go 
through their Breadths are in that Ratio, * the 
ſame Ratio is required in their Celerities, that 
the Products of the Times by their Celerities 
may be as the Breadth of the Waves, which are 
the Spaces gone through. 

All theſe Things muſt be only looked upon as 
nearly true, becauſe the Motion of the Waves 
differs ſomething from the Motion in the Tube; 
which Error is in part taken off, becauſe the 
Length of the Pendulum is meaſured along the 
inclined Lines B Cand CD. 
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PART III. Of the Air, as an Elaſtic 
f Fluid. 
CHAP. XII 

That Air has the Properties of Fluids. 


E have often ſpoken of the Air; and as 
we live in, and are always encompaſs'd 
by it, we muſt have Regard to its Effect in ſe- 
veral Experiments, as we have ſaid in other Parts 
of this Treatiſe: but now we ſhall. conſider its 
Properties ſingly. vl 

The Air is corporeal, heavy, its Parts yield 477 
to any Force impreſs'd, and are very eaſily moved 
one amongſt another; it preſſes in Proportion to 
its Height, and the Preſſure every Way is equal: 
it is plain therefore, that it og to be reckon'd a= 
mongſt Fluids. 


DEFINITION I. 


All the Air which the Earth is encompaſs'd with, 418 
pnfidered together, is call d the Atmoſphere of the 
Earth, or fimply, the Atmoſphere. 


DETINITION II. 
The Height of the Air above the mn of the 419 
Earth is calf d the Height of the Atmoſphere. 

That the Air is a Body, appears from its exclu- 420 
ding all other Bodies from the Place where it 
Is, | | 


. P That 


114 
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421 


4.22 


That it yields to any Impreſſion, and has its 
Parts eaſily moved, is not doubted by any one. 

That it is heavy, i is proved by its preſſing upon 
the Surface of other * and ſultaining them 


in Tubes. 


Experiment 1. Plate XXVI. Fig 1.] Take a 


Glaſs Tube AB, about three Foot long, of a- 


bout 4 Inch Bore; if you ſtop up the End A, and 


let the Tube be filled with Mercury, and let the 
other End be immers'd in a Veſſel full of Mercu- 
ry, the Mercury will be ſuſtain d at the Height of 
about 29 Inches. This is occaſion'd by the Pref: 
{ure of the Air on the Surface of the Mercury in 
the Veſſel, which cannot preſs equally in every 
Part of it, unleſs i in the 'Tube whereno Air is, there 


be a Column of Mercury, which preſſes W 
with outward Air“. 


/ 


Experiment 2. Plate XXVI. Fig. I. ] That 
this Preſſure may not be chang'd when the Tube 
is inclined, it is required that the Mercury ſhould 


keep the fame perpendicular Height *: If there- 
fore there be two Veſſels containing Mercury, in 


which Tubes in the Manner above-mentioned are 
immers'd, of which E D is inclined to the Hori- 

zon, the Mercury is ſuſtained at the Heights hf 
and 7g, ſo that F and g are in the ſame Horizontal 
Lines ; ſuppoſing the Surfaces of the Mercury in 
the Veſſels to lie in the ſame Plane. ' 


Experiment 3. Plate XXVI. Fig. 2.] The ſame 


Preſſure of Air ſuſtains the Water of the Glaſs U, 


423 


which is immerged in Water and filled with it, and 


then is pulled out all but the Orifice, which {till 
remains immers'd. 
Water would be ſuſtained in the ſame Manner, 


tho the Height ſhould be 32 Foot; for . 
| ve 
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filver 14 times heavier than Water, and a Pil- 
lar of Water a little more than 32 Foot high 
preſſes equally with a Column of Mercury 29 
Inches high, which Preſſure is equal to the Preſ- 
ſure of the Atmoſphere. | 

That the Preſſure of the Air depends upon its 424 
Height, may beeaſily deduced from what has been 
ſaid ; but it is immediately prov'd by carrying 
the Tube with the Mercury above-mention'd to 
a higher Place; for, when you carry this Machine 
up 4 Hill, for 100 Foot that you riſe perpendi- 
— the Mercury deſcends a Quarter of an 
Inch. 
That Air preſſes equally every way, appears from 425 
this, that the Preſſure is ſuſtained by ſoft Bodies 
without any Change of Figure, and brittle 
Bodies without their breaking, tho' this Preſſure 
be equal to the Preſſure of a Pillar of Mercury 
29 Inches high, or a Height of Water of 32 
Foot &; any Body may ſee that nothing can pre- *423z 
ſerve theſe Bodies unchanged, but the equal Preſ- 
ſure on all Parts; but it is plain that the Air 
does preſs in that Manner. * If you take away the *291 
Air on one Side, the Preſſure is ſenſible on the 
oppoſite Side. | | 


Exper. 4. Plate XXVI. Fig. 3.] Hang a Glaſs 
Tube to one of the Scales of a Balance AB, 
which is ſhut at D, and 3 Foot long ; fill this 
Tube with Mercury, and let the End E be im- 
mers'd in the Mercury that is contain'd in the 
Veſſel U. The Mercury by the Air's Preſſure 
is ſuſtain'd at the Height F in the Tube, and the 
upper Part of the Tube 7 is left void of Air; 
to make an Equilibrium, you muſt put into the 
oppoſite Scale a Weight equal to the Weight of 
the Tube and the Mercury contained in it. The 
Mercury inthe Tube cannot preſs the _— ; 

1 P 2 or 
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tern 

for its Action againſt the Sides of the Tube is B o 

Horizontal ; but the Air a&s upon the upper Veſt 

Part of the Tube, and the Column that is ſu- , a 

ſtained by the Tube is æquiponderate with ry n 

the Column of Mercury that is contained in the Wl firſt 

Tube: If letting the Mercury run out, you ſuf. BW doe: 

fer the Air to come in, then nothing but the WM Tub 

Tube weighs down the Scale; which proves, Wl any 

that the Action againſt the inferior Surface of WW Mer 
| the upper Part of the Tube deſtroys the Action Effe. 
on the exterior Surface, and that the Air preſ- PF. 
ſes upwards and downwards with the ſame Biff that 
. Force. TN, be n 
I By this Experiment alſo is confirmed what has Fore, 
: been ſaid of the Air's Gravity. T 
=_ | C3. Vis . Air i 
CH AP. XIII. Atme 

Of the Air's Elaſticity, or Spring. prein 

the « 


E have ſhewn, the Air has the Proper- 

ties of other Liquids ; but beſides it 

has another Property, which is, that it can take 
up a greater or leſſer Space, according as it is} 
compreſs'd with a different Force; and, as ſoon | 


as that Force is diminiſhed, it expands itſelf. 
426 By reaſon of the Analogy of this Effect with the | 
Elaſticity of Bodies, this Property of the Air ib e ſul 
call'd its Elaſticity. 5 | i 
427 That the Air may be compreſs'd, appears from | | 
* an Experiment already mentioned. * - I 
428 That it may be dilated, may appear from the 
following. 5 | 


Experiment 1. Plate XX VI. Fig. 4.] Take the 1 
Tube AB cloſe at the End A, and pour Mer! 
:cury into it, ſo that there may be ſome Air left 
in the Tube, which, when in the State of the . | 
| | ; 2 3 ternaiyy 


þ 

5 84 - 
. 4 
At 


ternal Air, will take up the Space A]; if the End 


B of the Tube be immerſed into Mercury in a 
r I Veſſel, the Mercury in the Tube will deſcend to 
- BE 2, and there remain. The Height 2g differs ve- 
h BY ry much from the Height of the Mercury in the 
e firſt Experiment of the foregoing Chapter, which 
(does not ariſe from the Weight of the Air in the 
e Tube; for its Weight is too little to produce 
„any ſenſible Difference in the Height of the 
Mercury: The Expanſion of the Air cauſes this 
ny Effet. | 


chat he Air dilates itſelf in ſuch a Manner, that 
be Space taken up by it is always inverſely as the 
Force by which it is compreſsd. 8 

The Force, by which the common or external 
Air is compreſs'd, is the Weight of the whole 


cury of the Height bf, Fig. 1. therefore the com- 
preſſing Force may be expreſs'd by that Height; 
the Space taken up by the Air in the Tube, 
when it is compreſs'd with ſuch a Force, is 
AJ. | | 
But in the laſt Experiment, the Preſſure of the 
W Atmoſphere exerts two Effects; it ſuſtains the 
Pillar of the Mercury i g, and it reduces the Air 
in the Tube to the Space g A; if the Force, by 
TW which the Mercury is ſuſtained at the Height g 2, 
be ſubſtracted from the Preſſure of the whole At- 
moſphere, that is, if the Height gi be taken 
from the Height »f, (Fig. 1.) there remains the 
Force by which the Air is compreſs d in the upper 
Part of the Tube; but this Difference of the 
Heights of the Mercury , and gi, is always to 
5% as Alto Ag, that is, their Forces are in- 
erſely as the Spaces. | 
This Rule alſo obtains in compreſs'd Air, 


, e | 13 
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From this Experiment we deduce this Rule, 429 


| Armoſphere, which is equal to a Pillar of Mer- 
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Experiment 2. Plate XXVI. Fig. 5.) Take a 
curve Tube AB CD, open at A, and ſhut at 
D; let the Part B C be filled with Mercury, fo 
that the Part C D may contain Air of the ſame 
State or Tenor as the external Air; therefore, 
the compreſſing Force is the Column of Mer- 
cury, whoſe Height is bf, Fig. 1. and by this 
Height muſt this Force be expreſs'd, as in the 
foregoing Experiment ; but the Space taken up 
by the Air is CD. Pour Mercury into the 'Tube 
AB, that it may riſe up to g, the Air will be 
reduc'd to the Space eD: Now the com- 
preſſing Force acts as ſtrongly as a Column 
of Mercury of the Height fg, and alſo the Preſ- 
ſure of the external Air upon the Surface g of 
the Mercury ; this Force is expreſs'd by the Sum 
of the Heights fg in this Figure, and 5, in Fig. 1. 
'T his Sum is always to bf (Figure 1.) as CD 
tocD; and again the Forces are inverſely as 
the Spaces. 3 ü 

The Elaſticity of the Air is as its Denſity ; for 
this laſt is inverſely as the Space taken up by the 
Air“; therefore, as the Force compreſs'd the 
Air *, which is equal to that by which the Air 
endeavours to expand itſelf ; but this Force is its 
Elaſticity. 

Hence it follows, that the Air in which we 
live is reduced to the Denſity which it has near 
the Earth, by the Preſſure of the ſuperincumbent 
Air, and that it is more or leſs compreſs'd, ac- 
cording to the greater or leſs Weight of the At- 
moſphere ; for which Reaſon alſo the Air is leſs 
denſe at the Top of a Mountain than a Valley, 
as being ccmpreſs'd by a leſs Weight. 

How far this Property of expanding itſelf is 
extended, we do not certainly know ; and it is 
very probable that it can be determined by no 

7 1 E. 
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Experiments. Nevertheleſs, if you compare the 
following Experiments with the Experiment of 
the Air compreſs'd in a Pump *, it will appear 1. 
that the Air may take up twenty thouſand 'Times 
more Space in one Caſe than in the other. 


_ Experiment 3. Plate XXVI. Fig. 6.] Let the 
he Glaſs AB, about fourteen Inches high, be exactly 

fd with Water; it has a braſs Cap fixed 
to it at the End B, by which it is to be ſcrewed 
to the Pump that is repreſented in Plate XXIX. 


be Fig. 6. by drawing out the Piſton of the Pump 
the Water deſcends into it by its Gravity ; and 
© the Place in the upper Part of the Veſſel is void 


both of Air and Water. The Air Bubbles in the 


of Water, which are now compreſs'd, becauſe the 
m Air does not act upon the Surface of the Water, 
I. expand themſelves, and riſe up to the Surface of 
D the Water; in that Motion the Bubbles are ac- 
48 celerated, ſo as not to be ſeen diſtinctly near the 
a Surface, upon account of their very ſwift Mo- 
tion; they alſo grow bigger as they aſcend, and 
* if you compare the Diameter of a Bubble at B with 
55 its Diameter, when it is come almoſt up to the 
surface of the Water, but ſo far from it as to be 
rs feen diſtinctly, its Diameter is at leaſt four Times 
as great as before. 3 
. The upper Part of the Glaſs, as was ſaid be- 
ar fore, is entirely void of Air, for the ſmall Quan- 
nt F tity of Air, which is continually going out of 
the Water, is not to be taken notice of here; 
0 therefore, the Air- bubbles near B, which is about 


a Foot below the Surface of the Water, are com- 
preſs'd only by the ſuperincumbent Water; which 
Preſſure is to the Preſſure of the Atmoſphere 
nearly as one to thirty-two ;* in which Ratio *,,; 


is alſo is the Space taken up by the Air, when tis 
5 compreſs'd by the whole Atmoſphere, to the 


P'4 Space 
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Space taken up in the Bubbles above-mention- 
ed; their Diameter in their Aſcent, as has been 
ſaid before, becomes quadruple ; that is, the 
Bubble becomes 64. times bigger than it was ; 
and ſo the Space taken up by the Air, in this laſt 
Caſe, is to the Space taken up by the Air, when 
compreſs d by the Atmoſphere, as 64 times 32 
(that is 2048) to 1. The Air compreſs'd by 
the Atmoſphere is reduced to a Space 10 times 
leſs in a forcing Pump; and ſo the Denſity of the 
Air above-mentioned is to the Denſity of this 
Air, as 1 to 20480. Extracting the Cube Roots 
of theſe Numbers, we ſhall find that the Diſtan- 
ces between the Center of the Particles, in theſe 
two Caſes, are, as I to 27. 

Hence we conclude, that the Particles of Air 
are not of the ſame Nature with other elaſtic 
Bodies, for the ſingle Particles cannot expand 
themſelves every Way into 27 times the Space, 
and ſo be increaſed 2000 times, preſerving their 
Surface free from every Inequality or Angle; for, 
in every Expanſion or Compreſſion, the Parts are 
eaſily moved one amongſt another; but, as the 
Air may be dilated much more than in this Ex- 
periment, it follows, that the Air conſiſts of Parti- 
cles which do not touch one another, and that repel 
each other. We have ſhewn that, in ſeveral Caſes, 
there are Particles endowed with ſuch a Proper- 
ty; * and it is plain enough that it obtains here; 
but we are entirely ignorant of the Cauſe of this 
Force, and it muſt be look'd upon as a Law of 
Nature, as is plain from what has been ſaid be- 
tween Numb. 4. and Numb. 5. 

The Force, by which theParticlesofthe Air fly from 
each other, increaſes in the ſame Ratio as the Diſtance 
in whichthe Centers of the Particles are diminiſhed ; 
that is, that Force is inverſely as this Diſtance. 


To demonſtrate Wii, let us conſider two equal 
Cubes 
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| Cubes A and B (Plate XXVI. Fig. J.) contain- 
ing unequal Quantities of Air ; let the Diſtances 
between the Center of the Particles be, as 2 to 
1, the Numbers of the Particles will be in the 
ſame, but inverſe Ratio, in the Lines de and hi; 
the Numbers of the Particles acting upon the Sur- 
faces dg and hm are, as I to 4, namely, as the 
Squares of the Numbers of the Particles in equal 
Lines, and as the Cubes of thoſe Numbers, that 
is, as 1 to 8, ſo are the Quantities of Air con- 
tained in the Cubes; in which Ratio alſo are 
the Forces compreſſing the Air in the Cubes. * 429 
The Forces acting upon the equal Surfaces dg 
and bm are as the Forces by which the Air is 
compreſs d; * they are alſo in a Ratio compound- 126 
ed of the Numbers of the Particles acting, and 
the Action of the ſingle Particles; therefore, this 
compound Ratio is the Ratio of 1 to 8: The 
firſt of the compounding Ratio's, as has been 
ſaid, is that of 1 to 4; wherefore, neceſſarily the 
ſecond is that of 1 to 2, which is the inverſe Ra- 
tio of the Diſtances of the Particles. And this De- 
monſtration is general; for by 1 and 8 we expreſs 
any Cubes whatever; by 1 and 4, the Squares of 
the Cube Roots; and laſtly, by x and 2, the Roots 
of thoſe Cubes: This Demonſtration proves that 
the Action, which the Particles continually ſuffer 
from all Sides, is increaſed between the Ratio in 
which the Diſtance of the Centers of the Parti- 
cles is diminiſhed, whether the Action is to be 
referred only to neighbouring Particles, or alſo 
to thoſe which are more diſtant. In the firſt 
Caſe the repellent Force itſelf, which every Par- 
ticle is endowed with, is as the Action above- 
mentioned, that is, inverſely as the Diſtance be- 
tween the Centers of the Particles. 

In the ſecond Caſe the repellent Force is equal 
at all Diſtances ; for then the Action agua 
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the Elaſticity will be the 
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each Particle depends upon their Number in the 
ſame Line, which Number is inverſely as the Di- 
ſtance between the Number of the Particles. 
Then alſo, ſuppoſing the Air of the ſame Denſity, 
eater, where the 
Quantity of the Air will be the greater; but, as 
this does not agree with Experiments, therefore, 
the firſt Cauſe muſt be true. 
The Effects of the Elaſticity of the Air are like 
thoſe of its Gravity, and included Air acts by its 
Elaſticity, juſt as Air not included does by its 


Weight. 


* 126 


7432 


The Air which is loaded by the Weight of the 
whole Atmoſphere, preſſing every Way from 
the very Nature of Liquids, and the Force which 
it exerts, does no Way depend upon the Elaſticity, 
becauſe, whether you ſuppoſe Elaſticity, or not, 
that Force which ariſes from the Weight of the 
Atmoſphere, and is equal to it, can be no Way 


changed; but, as the Air is elaſtic, it is reduced 


to ſuch a Space by the Weight of the Atmo- 
ſphere, that the Elaſticity, which re- acts againſt 
the compreſſing Weight, is equal to that Weight“. 
But the Elaſticity increaſes and diminiſhes as the 
Diſtance of the Particles diminiſhes or increaſes“, 
and it is no Matter, whether the Air be retained 


in a certain Space by the Weight of the Atmo- 


ſphere, or any other Way; for in either Caſe 


it will endeavour to expand itſelf with the ſame 


Force, and preſs every Way. Therefore, if the 
Air near the Earth be included in any Veſſel, 
without altering its Denſity, the Preſſure of 
the included Air will be equal to the Weight of 


the whole Atmoſphere. 


Experiment 4. Plate XXVII. Fig. 3.] Take the 
Tube mentioned in the firſt Experiment of the 
laſt Chapter, immerge it in Mercury included — 
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the Glaſs D C, fo that the Air, preſſing upon the 
Surface of the Mercury contained in the Veſſel 
U, may have no Communication with the ex- 
ternal. Air; the Mercury in the Tube is ſuſtained 
at the ſame Height by the Elaſticity of the Air, 
as it was ſuſtained in the open Air. | 
The Tenor of the Air continuing the ſame, 434 
what we have ſaid will always obtain; but this 
Tenor or 'Temper of the Air is not always the 1 
ſame ; the repellent Force of the Particles is often | 
increaſed, or diminiſhed, tho the Diſtance between | 4 
their Centers is not changed : I ſhall ſpeak of this 
Alteration in the following Book : The Elaſticity 
increaſes by Heat, and diminiſhes by Cold. 


CHAP XIV. 
Of the Air- Pump. 


= — — "& = £& 


HE Elaſticity of the Air is the Founda- 435 
tion of the Conſtitution of a Machine, by 
which the Air may be drawn out of any Veſſel. 
This Machine is call'd an Air-Pump, which is 
made ſeveral Ways: The chief Part in all of them 
is a Barrel, or hollow Cylinder of Metal, bored 
ſmooth, and poliſhed in the Inſide ; in this Bar- 
rel muſt move a Piſton, that fills its Bore ſo ex- 
actly as to let no Air ſlip by. This Piſton is thruſt 
down cloſe to the Bottom of the Barrel, and then 
raiſed up in ſuch a Manner as to exclude all the 
Air from the Cavity of the Cylinder or Barrel ; if 
this Cavity communicates with any Veſſel, by 
means of a Pipe at the Bottom of the Barrel, the 
Air in the Veſſel will expand itſelf, and Part of it 
will enter into the Barrel, ſo that the Air in the 
Barrel, and in the Veſſel, will have the ſame Den- 
ſity. Shut up the Communication between the 
Veſſel and Barrel, and letting the Air out of the 
is | Barrel, 
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R, which is moved by the Handle MM, Fig. 2. 


Barrel, apply the Piſton cloſe to the Bottom. If 
you raiſe the Piſton a ſecond Time, and open the 
Communication between the Barrel and Veſſel 
above-mentioned, the Denſity of the Air in the 
Veſſel will again be diminiſhed ; and repeating 
the Motion of the Piſton, the Air in the Veſſel 
will be reduced to the leaſt Denſity. Yet all the 
Air can never be exhauſted by this Method ; for 
at every Stroke the Air does ſo expand itſelf, as to 
have the ſame Denſity in the Barrel as in the Veſ- 
ſel, in which laſt therefore, there is always a little 
Air left. 

All Air-Pumps have in common the Parts a- 
bove deſcribed, but they differ in ſeveral other 
Things. Firſt, the Communication between the 
Receiver to be exhauſted, and the Cylinder or 


Barrel, is opened and ſhut different Ways. Se- 
condly, there are different Ways of getting the 


Air out of the Cylinder or Barrel, when the Pi- 
ſton is brought to the Bottom. Th7iraly, the Pi- 
ſtons differ in different Pumps. Fburthiy, the Po- 
ſition of the Cylinder is not the ſame in all Pumps. 
Fifthly, there are different Contrivances for mo- 
ving the Piſton. | 

There are often two Barrels, in one of which 
the Piſton is raiſed, when it is depreſs'd in the 
8 

Our Pump is here repreſented in Plate XXVII. 
Fig. 1. the other Side of it is repreſented in 
Plate XXX. Fig. 2. J ſhall defer the particular 
Deſcription of it to another Place, and only here 
mention ſome Things in general. This Pump has 
two Braſs Barrels C, C, of 2 Inches Diameter, 
and about 5 Inches high. 

In theſe Barrels the Piſtons move, one 
of which deſcends, while the other riſes, which 
Motion is communicated to them by the Wheel 
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fixed to the Axis a. The angular Motion of the 
Wheel is the eighth Part of a Circle, by which 
in a leſs Wheel there is produced an angular 
Motion of 120 Degrees. This leſſer Wheel is 
fixed to a third Wheel, -by means of which the 
Piſtons are immediately moved ; they make a 
Stroke of 3 Inches and a half. 

The Contrivance of the Piſton is much the 
ſame as in the Pumps which they uſe in England ; 
tho* we think that we have made ours more per- 
fect, by ſome Alterations in them. | 

The Glaſs is to be exhauſted, or ſet upon the 
round Plate LL; they communicate with the 
Barrels, by means of a Pipe, one End of which 
is at D, and which ſolder'd to the lower Side of 
the Plate, the Continuation of this 'Tube is ſeen 
at EE; there are two Cocks in it, E, E, between 
the Cocks is fixed the Pipe 7,7, which communi- 
cates with the Cylinders C, C. 

When the Air is exhauſted, one of the Cocks 
above-mentioned ſerves to ſhut the Communica- 
tion between the Receiver (ſo the Glaſſes are 
call'd from which the Air is to be pumped out) 
and the Barrels; the other Cock ſerves to let 
the Air in again, and to cut off the Communica- 
tion with the mercurial Gage. 

The mercurial Gage could not be convenient- 43 8 
ly repreſented in this Figure; it ſerves to deter- 
mine what Quantity of Air is drawn out of the 
Receiver, as alſo what Quantit of Air remains 
in it; it is likewiſe of Uſe for meaſuring the ſolid 
Contents of the Receivers, which ought to be 
exactly known in ſeveral Experiments; our Gage 
differs from the common Gages in ſeveral Re- 
ſpects. 

A little Cylinder, with a Screw upon it, is 
often ſcrewed into the Plate at D, for applying 
a Globe to be exhauſted to the Pump. 1 
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In the Middle of the Plate L L there is a Hole 
which is ſnut up with a Screw; but ſometimes it 
ſerves for joining ſeveral Machines to the Plate. 

By this Means alſo there is often applied to the 
Pump a cylindric Box, full of Leathers ſoak'd in 
Wax, thro' the Center of which a braſs Wire paſ. 
ſes, which may be moved by the Help of a Han- 
dle, ſo as to communicate Motion into a Place void 
of Air ; the Box has a Cover, which enters into 
it with a Screw, for preſſing the Leathers toge- 
ther, and to prevent the entring in, or eſcaping out 
of the Air ; ſuch a Box, or Collar of Leathers, is 
often joined to the Cover which is laid over the 
Recipients, as may be ſeen in Fig. 3. Pl. XX VIII, 
and in Fig. 2. Plate XXXIII. 2 

When the Receivers are laid upon the Plate 

L, L, or when the Receivers are ſloped with Co- 
vers, or when the Screws are joined to the Ma- 
chine, and in genera], when the Air is to be hin- 
der'd from running in, we make uſe of Wax, 
which is ſoften'd by mixing as much Oil and 
Water to it as is found neceſſary. 


C HAP. . 


Several Experiments concerning the Airs Gra- 
Di ty, and its Spring. 


| 1 E have ſhewn that Air is heavy, * it may 


be weighed like other Bodies, and ſo its 
Denſity may be compared with that of other Bo- 


dies. * If the Veſſel that contains the Air be 


weighed, when it is full of Air, and again, when 
the Air is exhauſted, the Difference between 
their Weights is the Weight of the Air; which 
Method has this Inconvenience, that ſuch a ſmall 


Difference of Weight cannot eaſily be diſcovered, 


the following Method. 


when a Balance, tho' ever ſo nice, is loaden with 


a great Weight ; therefore we muſt make uſe of 


Expe- 
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Experiment 1. Plate XX VIII. Fg. 2.] Having 442 
exhauſted the Air out of the Glaſs Ball, whoſe 
ſolid Contents are 283 Inches, and having tied 
ſuch a Weight to it, that it may be almoſt equal 
in ſpecifick Gravity to Water, let it be immers'd 
into the Water continued in the Veſlel D E, and 
let it be faſtened by a 'Thread to the Hook of 
the Scale of the Balance A B, above deſcribed ; * *27x 
raiſe the Balance till you make an Æqulibrium 
with a very ſmall Weight ; if by opening the 
Cock you let the Air into the Globe, a Weight I, 
of about 100 Grains, will be required in the o 
poſite Scale to reſtore the Æquilibrium, ſome- 
times more, or ſometimes leſs, according to the 
different 'Tenor of the Air, which here near the 
Earth is varied according to the different Weight 
of the Atmoſphere, and according to the Diffe- 
rence of Heat and Cold. | 
Bodies immers'd in Liquids are ſuſtained by 
them, and the more or leſs, according to the 
greater or leſs Bulk of the Body, * and the Weight 299 
loſt in that Caſe is determined from the known 
Denſity of the Liquid ; * by the foregoing Expe- *:97 
riment, therefore, it may be known, how much 
Bodies gravitate leſs in Air than in a Va- 
cuum. 

Hence alſo may be deduced, that Bodies that 443 


are in Aquilibrio in the Air, if their Bulks are 


unequal, will loſe their Æquilibrium in a Vacu- 


um: Which is confirmed by the following Expe- 


riment. | | | 


Experiment 2. Plate XXVIII. Fig. 3.] In the 
Scales of the Balance a Þ, lay a Piece of Wax, c, 
and a Weight of Metal, p, and you will have an 
Aquilibrium. Hang up the Balance in a Glaſs 


Receiver, and, having exhauſted the Air, the 
| Wax 


w 
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Wax will preponderate, its Bulk being greater 
than the Bulk of the Body p, it muſt be more 
ſuſtained by the Air; and, therefore, when you 


let the Air into the Receiver again, the Zqui- 


- librium is reſtored. 


ble by the following Experiment. 


The Elaſticity or Spring of the Air, which has 
been proved in Chap. XIII. becomes more ſenſ- 


444 Experiment 3] Tie up a Bladder very cloſe, 


with a ſmall Quantity of Air in it; put a Re- 


ceiver over it, and pump out the Air, whereby 


445 


the Preſſure upon the external Surface of the 
Bladder is diminiſhed, and immediately the Air 
included in the Bladder will expand itſelf, and 


ſwell it out. We have proved, that the Spring 


of the Air -is equal to the Weight of the whole 
-Atmoſphere ; the following Experiment will 
make it viſible. | 


Experiment 4. Plate XXVIII. Fig. 1.] Take 2 
Bladder tied up very cloſe, and not quite full of 
Air, and pat itin a braſs Box A, whoſe Diameter 
is three Inches and an half; ſo that the Cover, 
which is of Wood, and does not exactly fit the 
Box, may be ſuſtained by the Bladder ; you muſt 
put the Lead Weights P, P, upon the Cover: 


They have a Hole in the Middle for a wooden 


Cylinder E, which is fixed to the Cover, to go 


thro': When you pump out the Air, the Bladder 
is ſwelled, as inthe foregoing Experiment, and b 


that means the Weights are raiſed. You may uſe 
ſeveral Weights according to the Bigneſs of your 


Glaſs Receiver, and tho they ſhould amount to 


60 or-70 Pounds, they would be eaſily raiſed. 
The Gravity of the Air, its Preſſure that ariſes 
from the Gravity, as alſo its Elaſticity, produce 
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very different Effects; ſome of which 1 ſhall fe- 
let, and confirm by Experiments. 


Experiment $5. Plate XXVII. Fig. 3.] To the 446 
Hole in the Middle of the under Side of the Air- 
Pump LL, ſcrew on a {mall hollow: braſs Cylin- 
der which has a Hole thro it, and an open glaſs 
Tube A B cemented to it at Bottom, whoſe low- 
er End B muſt be immerged into Mercury. Let 
Mercury be ſuſtained in the Tube eg, that is 
cloſe at e, and void of Air in the Manner be- 
fore-ſaid. * Set the Veſſel U with the Tube up- *42z 
on the Plate LL, and cover it with a tall Glaſs 
DC, ſo as to cut off all Communication be- 
tween the external Air and the Veſſel U, as alſo 
the Cavity of the Tube AB. The Air in this 
Tube does, by its Elaſticity, hinder the Mercury 
from riſing up in the Tube, by the Preſſure of the 
external Air. The Air alſo, that is included in 
the Receiver DC, does by its Spring ſuſtain the 
Mercury in the Tube ge. Pump the Air out «,.. 
of DC; as the Denſity diminiſhes, the Elaſticitʒ 
does alſo decreaſe, * and the Force by which the 4; 
Mercury is ſuſtained” in the Tube ge becomes 
leſs, therefore, the Mercury deſcends. At the 
ſame time the Preſſure of the external Air over- 
comes the Reſiſtance in the Tube A B, and the 
Mercury aſcends in the Tube. The Diminution 
of the Spring in the Tube A B, and in the Veſ- 
ſel BC, is the ſame, and the Effect of the Di- 
minution the ſame in both Caſes ; therefore, the 
Mercury deſcends as much in the Tube eg as it 
riſes in the Tube A B, which agrees with the 
Experiment. By this Method the Mercury is 
raiſed up to f, while the Tube ge becomes al- 
moſt wholly empty ; when you let in the Air 
again, the Mercury riſes in the Tube ge, as it 
is deprefled in the Tube A3. 

Q ZExperiment 
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Experiment 6. PlateXX VIII. Fig. .] Take the 
little Pump or Syringe A, and its Piſton being | 
thruſt cloſe to the Bottom, let the 'Tube which 


is joined to this Syringe be immerged in Water; 


when you raiſe up the Piſton, the Water will | 
follow it, and fill up the Cavity between the | 
Bottom of the Pump and the Piſton; which Ef- 


fect ariſes from the Preſſure of the external Air. 


For this Reaſon Water does not riſe i vacuo. 


Experiment J. Plate XX VIII. Fig. 5.) Join the | 
Glaſs Tube 4c to the Syringe A, which is 
ſcrewed to the Cover of a Glaſs Receiver, ſo 
that the End c of the Tube may deſcend below 
the Surface of the Water in the Veſſel U; thruſt 
down the Piſton to the Bottom of the Syringe, 
and let all the Air. be pumped out of the Recei- 
ver. If then you pull up the Piſton, the Water | 
will not riſe. 


Experiment 1. Plate XX VIII. Fig. 6.) The 
Force, by which the Air preſſes upon Bodies, often 


breaks them, when the Preflure is not equal every 


Way. Let the Braſs Cylinder A be covered with 
a flat Piece of Glaſs; when you pump the Air 


out of this Cylinder, the Plate of Glaſs will be 


broken into a great many little Pieces by the Preſ- 
ſure of the external Air. | 


Experiment 9. Plate XXIX. Fig. 1.] Takea 
Syringe A of an Inch Diameter ; puſh down the 
Piſton to the Bottom of it, and ſhut up the Hole 


at the Bottom of the Syringe, and hang on a 


Weight P of 10 Pounds to the lower End of the 
Syringe ; if you hold the Handle B of the Piſton 
in your Hand, the Syringe will not deſcend ; for 


it cannot deſcend, unleſs the Weight hanging at 
10 
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it overcomes the Preſſurè of the Air and Friction 
of the Piſton; but the Preſſure of the Air alone 
does here exceed 1 0 Pounds. 


Experiment 10. Plate XXIX. Fig. 2.] The Sy- 451 
ringe deſcends by the Weight p alone in a Vacu- 
um, which is but juſt ſufficient to overcome the 
Friction of the Piſton: | 


Experiment 11. Plate XXIX. Fig. 3.] We ſeea 452 
more ſenſible Effect of the Preſſure of the Air, 
when the two Segments of a Sphere, H and I, are 
joined together. Let the Brim or Edge of each of 
them be well poliſhed, ſo that they may fit toge- 
ther, and, when they are applied cloſe, put a little 
Wax between, to exclude the Air. 'There is a 
Cock in the Segment H, by which the two Seg- 
ments, when joined together, may be applied to 
to the Air-Pump, and which muſt be ſhut, when 
you have exhauſted the Air. 'The Segments are 
ſuſpended by the Ring A, and, by the Help of the 
Ring Q, you may hang to them the Weights that 
are laid upon the great wooden Scale T. If the 
Diameter of the Segments be three Inches and 
an Half, a Weight of about 140 Pounds will be 
required to pull them aſunder. 


. Experiment 12. Plate XXX. Fig. 1.] Let the 453 

segments be joined together and exhauſted, as in 

the former Experiment; if they be ſuſpended in 

a Vacuum, with a little Weight P hanging on, 

which is juſt able to overcome the Cohefion of 

ll the Wax, they will be ſeparated in this Experi- 
ment. There muſt be faſtened, to the Plate L L, 


which a braſs Wire that has the Weight hanging 

to it ſlips. Leſt the Receiver ſhould be broke by 

the Fall of the lower Segment, you muſt put p 
| = "=. er 
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the little braſs Box, or Collar of Leathers, * thro 439 


— — — — 
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der it the hollow wooden Cylinder M, to let it 
fall into. In this Figure the Segments are ſuſ- 
pended to the Cover of the Receiver which is to 


be exhauſted ; they may be alſo be ſuſpended from fl 
That the | 
Hemiſpheres may not be ſeparated without Dif- 
ſhould be JF 
empty of Air; as great a Force will be required !JÞ 
to ſeparate them as in the 11th Experiment; JF 
when having included them in a Veſſel, and ap- 
plied them cloſe together (ſo as to leave them fl 
full of common Air, and ſhut the Cock that the 
Air between them may not be changed ; ) the Air 
on the Outſide of them in the Veſſel, that contains 
them, is reduced to a double Denſity ; which to | 
confirm by an Experiment, we muſt firſt deſcribe ! 
the Machine with which we make Experiments 


a Pillar faſtened to the Cylinder M. 


ficulty, it is not required that they 


in compreſſed Air. 


Plate XXXI. Hg. 5 +1 A round hand Plate N ; 
is laid upon a Board à a, about 15 Inches long, 
and Io wide; the Diameter of this Plate is | 


about 5 or 6 Inches, as you may ſee by its ſepa- 
rated Figure at N, in Plate XXIX. Ig. 4. and : 


4 
| 
: 


has fixed to it here a Cylinder P, which is not It 


perforated, and goes thro' the Board a a. Upon | 


this Plate you muſt put a Glaſs UU, about 10 
Inches high, that is terminated at each End in | 


cylindric Form, and the cylindric Parts have 
; braſs Rings, or Ferrels, upon them. - | 


The Veſſel muſt have upon it the Cover D. 


The Pillars C'S, CS, are faſtened to the Board 4, | 
and go thro* the Wood 4e, by which the Cover 
D is firmly joined to the Glaſs, as alſo the Glaſs | 

to the Plate N, by the Force of the Screws ff. It 
is very neceflary to preſs all theſe Parts cloſe to- 
gether, having firſt ſpread Wax upon the upper 


The 


and lower Edges of the Glaſs. 


J rrFTFßß . SER 
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The Cover is repreſented in the ſeparated Fi- 


; gure D, Plate XXIX. Fig. 4.) There is fixed to 
tit to the Collar of Leathers, * and, leſt the Piece 439 


of Wood d e ſhould be applied to too ſmall a Sur- 
face, the Cover is made in the Shape of a round 
open Box. 

There is a perforated braſs Wire C, which 


N | goes through the Collar of Leathers, to which a 
Cock R is joined. 


Plate XXIX. Fig. 6.) In order to compreſs 455 
the Air in this Veſſel, ſcrewing on the Syringe 
AB to the Cock B laſt mentioned, which Syringe 


has joined to it another Cock, in the Key of which, 
Js beſides the uſual Hole, there is another oblique 


Hole which goes to f, and by which, when you 
ſhut the Communication between the Glaſs and 


38 the Syringe, the Syringe has a Communication 


with the common Air, and is filled with it, when 
you raiſe up the Piſton. When you open the 
Communication between the Glaſs and the Sy- 
ringe, by puſhing down the Piſton, you force the 
Air which was contained in the Syringe into the 


| Glaſs ; and, by often repeating this Operation, 
| you at laſt bring it to the Denſity required. 


Experiment 13. Plate XXIX. Fig. 4.]N ow. to 486 


ſeparate theſe Segments or Cups in compreſ- 


ſed Air, the Segment! is joined to the Plate 
N, by Means of the Pillar ML, which has 
Screws at M and L. The other Segment H, 
by Screws at F and E, is joined to the Wire C. 
The Segments muſt be applied to each other. 
As for the reſt, you muſt obſerve what has been 
ſaid in the Deſcription of the Machine; and the 


Air muſt be compreſſed in the Veſſel, ſo as to 


have twice the Denſity of that which is compreſ- 
ſed only by the Atmoſphere. At P the Ring Q 
Qs 8 


— — — — — 
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457 


above the Plate. Put on the Receiver R, which | 


* 423 the Height of 32 Foot in a Pipe void of Air.“ 
458 Experiment 1 5. Plate XXX. Fig. 3.] The Air's 


A; and, until the Weights, laid on, come to be 
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is joined to the Plate N, as alſo the Ring A to 
the Cock B. Invert the Machine, as in Fig. 5. 
and ſuſpend it by the Ring Q. The Scale T, on 
which the Weights are laid, hangs upon the Ring 


about 140 Pounds, the Segments will not be ſe- 
parated. Three Screws X, X, hinder the Scale 
T from deſcending too low in ſeparating the Seg- 

ments. | 


Experiment 14. Plate XXX. Fig. * Apply the 1 
Tube AB to the under Side of the Air- Pump 
Plate LL, which Tube has a Cock in its upper 
Part, and is join'd to the ſmall Tube which ſtands iſ 


covers the prominent 'Tube. 'The End B of the | 
Tube A B muſt be immerſed in the Water con- 
tained in the Veſſel U, and having exhauſted the 
Veſſel R, you muſt open the Cock; the Water 
will ſpout up into the Receiver with a great Force, 
for the ſame Reaſons as the Water is ſuſtained at 


' 


Elaſticity produces the ſame Effect. Let there | 
be a braſs Cylinder U exactly ſhut. There muſt 
be a Hole in the Bottom to pour in Water, which 
afterwards you ſhut up with a Screw. To the 
upper Part of the Veſſel there is ſoldered a Pipe, 
which goes down almoſt to the Bottom; and to | 
the other End of it, that ſtands above the Veſſel, 
a Cock is joined (See Fig. 4.) This Veſſel is to 
be ſcrewed on to the lower Part of LL, the Air- 
Pump Plate, and from it a Pipe goes quite thro 
the Plate, and ſtands up above it, which is co- 
yered by the Receiver R. After you have pump- 
ed out the Air, the Veſſel U being about two 

Thirds full of Water, when you open the coy 1 
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the Water will violently ſpout up into the Re- 
ceiver, by the Force of the Spring of the Air 
contained in the upper Part of the Veſſel U. Here 
the Air preſſes upon the Surface of the Water, 
when you open the Cock, the Preſſure in the 
Tube becomes leſs, therefore the Water muſt go 
into the Tube. | 


Experiment 16. Plate XXX. Fig. 4.] Even in 459 
the open Air, the Water will violently ſpout out 
of the Veſſel U, if, having filled it two Thirds full 
of Water, the Air be compreſſed in the upper 
Part of it, which is done by Help of the Syringe 
above- mentioned“. * 455 


Experiment 17. Plate XXXI. Fig. 1.] Invert the 460 
Glaſs R, and immerge it in the Water contained 
in U, the Air keeps out the Water at whatever 
Depth it be immerged ; yet the deeper the Glaſs is 
put down, the leſs Space the Air is reduced into. 
Upon this Principle are made the Machines, in 461 
which Divers go down into the Sea. They are 
made like Bells, and deſcend by their own Gra- 
vity ; the Water does not riſe up to the Diver in 
the Bell ; freſh Air is ſent down continually by 
Bladders tied to a Rope, which he draws down to 
him; the Air, heated by his Reſpiration, riſes to 
the upper Part of the Bell, and is there driven out 
thro: a Cock, by the Preſſure of the Water, that 
puſhes up, and compreſſes the Air in the lower 
Part of the Bell ; which Preflure overcomes the 
Force with which the Water endeavours to de- 
ſcend thro* the Cock; for the Preſſure of Liquids 
is increaſed in Proportion to their Depths.* * 250 


Experiment 18. Plate XX XI. Fig. 2.] Take lit- 462 
tle Figures of Glaſs that are made hollow, of an 
Inch and half long, repreſenting Men, which 
may be had at the Glaſs-Blowers ; theſe little 


Q 4 Images 
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Images have a ſmall Hole in one of their Feet, 
and are lighter than Water. Immerge them in- 
to the Water contained in the Glaſs AB. This 
Glaſs is about a Foot, or 15 Inches high, and co- 
vered with a Bladder, which is tied faſt over the 
Top. A ſmall Quantity of Air is to be left be- 
tween the Bladder and Surface of the Water. If 
the Veſlel be prefſed with the Finger, the Air a- 
|  bove-mentioned is reduced to a leſs Space, and 
| the Surface of the Water is more comprefled ; 
the Water, which is more compreſſed, enters in 
the little Men thro' the Hole at their Feet, and 
compreſſes the Air in their Bodies more than it 
was. 'The little Images, becoming heavier, by 
this Means deſcend towards the Bottom of the 
Veſſel, and that faſter or ſlower, according to the 
| Bigneſs of the Hole, and alſo according as the 
Specifick Gravity of the Images comes nearer to 
the Specifick Gravity of the Water. Taking 
away your Finger, the Air in the little Men, be- 
ing leſs compreſſed, expands itſelf, and drives 
out the Water, ſo the Images riſe up again tothe 
Surface of the W ater. | 


463 Experiment 19. Plate XXXI. Fig. 3.] Animals 

cannot live without Air. If any Animal be in- 
cluded in the Receiver U, and the Air be drawn 
out, the Animal will immediately be in Convul- 
ſions, and will fall down dead, unleſs the Air be 
ſuddenly re-admitted. Some Animals will live in 
a Vacuum longer than others. 


464 Experiment 20. Plate XX XI. Fig. 4.] Some 
Fiſhes alſo cannot live without Air; but in others 
you ſee no ſuch Change, but the Swelling of their 
Eyes. What Experiments you make upon Fiſhes 
muſt be made in the Glaſs Receiver U, which is 


ſet upon the Plate of the Air-Pump, and to the 
8 Hole, 
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Hole, thro' which the Air is drawn out, you muſt 
ſcrew on a Pipe, which comes up almoſt to the 
upper Part of the Glaſs U; pour in Water, and 
then put a Cover over the Glaſs Receiver U, and 
exhauſt the Air out of the upper Part of it. Ha- 
ving taken away the Preſſure of the Air from the 
Surface of the Water, the Air in the Fiſh's Body 
expands itſelf, by which Means the Fiſh, becom- 
ing lighter, cannot deſcend in the Water. 


Experiment 21. Plate XXXI. Fig. f.] Experi- 465 

ments are made upon Animals in comprefled Air, 

by Help of the Machine above deſcribed. In * 454 
that Caſe Animals do not ſoon die, becauſe the 
Veſſels in the Body are not broken; yet, if they 
continue long in that condenſed Air, it muſt be 
hurtful to them ; nay, and in a greater Compreſ- 

ſion of the Air (for which a Veſſel of Metal is 
required) they will die in a little Time. 


Experiment 22.] Several Liquors contain Air. 466 
If you put them under a Glaſs Receiver, and 
draw out the Air, then the Air contained in the 
Liquors will expand itſelf and go out. In that 
Caſe very often the Action of the Particles of the 
Liquid, upon one another, is chahged, and a 
Fermentation ariſes. 


CH AP. AVE 


The Deſcription of ſeveral Machines, and the 
Explanation of their Effects. 


Experiment 1. Plate XX XII. Fig. 1.] 
T ET one End a, of the Curve Tube 48 6,467 
be immerged in Water, whilſt the other End 
b deſcends below the Surface of the Water. If 
by ſucking, or any other Way, the Air be taken 
+ | out 
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out of this Tube, the Water will run through 5, 
This Inſtrument is called a phon. 

This Effect ariſes from the Preſſure of the Air, 
which drives on the Water in the Syphon, by its 
Preſſure upon the Surface of the Water in the 
Veſſel. The Air does alſo preſs againſt the Wa— 
ter that goes out of the Orifice , and ſuſtains it. 
Theſe Preſſures are equal, and act contrariwiſe in 
the upper Part of the Syphon, with a Force e- 
qual to the Weight of the Atmoſphere, taking 
away the Weight of the Pillars of Water which 
are ſuſtained by the Preſſure. The Pillar of the 
Water, in the Leg 8“, is longer than the op- 
poſite Pillar of Water; therefore, the Preſſure of 
the Air is more diminiſhed on the Side 45S, and 
the oppoſite Preſſure overcoming it, the Wate 
flows towards b. 


Experiment 2. Plate XX XI. Fig. 6.] The Sy- ' 


phon above-mentioned has this Inconveniency, il 
that, if once it ceaſeth to work, the Water will 
not run again, unleſs the Air be drawn out of the 


Tube afreſh. This may be corrected by making 
a Syphon in the Figure a 8, whoſe Legs are e- 
qual, and turned up again: For if the Syphon be 
filled with, and one Leg be immerſed in Water, 
fo that the Surface of the Water may be above 
the Orifice, then the Water will run out through 
the other Leg, for the Reaſon given in the Ex- 
plication of the former Experiment. Since the 

Legs are returned upwards, the Syphon will not 

be emptied, when the running out of the Water 

ceaſes, and ſo the Syphon, being once filled, is al- 
ways ready to work its Effect. The Water runs 
backward or forward thro' it, according as it is 
higher on one Side or the other. | 
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Plate XXXII. Fig. 2.] Upon the ſame Princi- 470 
ple as the foregoing Machines, is contrived the 
Syphon for raiſing Water into a Ciſtern. The Ef- 
fect of this Syphon becomes viſible by the Help 
of a Machine made up of two hollow glaſs Balls 
WH and I, which are joined together by the Tube 
«CDE, the Ball I communicates with the Water 
to be raiſed by means of the 'Tube A B, which 
comes up almoſt to the Top of the Ball ; to the 
Ball H at the lower Part is joined the Tube F G, 
as long as the whole Tube A B. | 

The Ball H muſt be filled with Water through 
a Hole by a Funnel, and then the Hole muſt be 
ſhut up cloſe. | 

In ſuch Machines as are applied to Uſe, for 
raiſing Water out of a Reſervoir that contains it, 
the Water is brought away into the Veſſel H, and 
the Communication between the Veſſel and the 
Reſervoir is ſhut up with a Cock. 


Experiment z.] Opening the Cock &, the Wa- 
ter will run out that Way, and the Water will 
aſcend through the Tube AB up into the Veſſel 
I; which being filled, the Water is ſuffered to 
run away to the Place where you would have it; 
and, by repeating the Operation, the Elevation of 
the Water continues. 

Opening the Cock &, the Air preſſes againſt the 471 
Water going out of the Tube FG; the Air alſo 
prefles upon the Water in the Reſervoir, and ſu- 
ſtains that which is in the Tube AB. Theſe Preſ- 
ſures are equal, and if you take from them the Go- 
lumns of Water which they ſuſtain, you will have 
the Forces by which they act upon the Air, contain- 
ed in the upper Part of the Veſſels and the Tube 
CDE. The Pillar F G, becauſe there is ſuperadded 
to it the Height of the Water in the Veſſel N, does 

[ | always 
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always overcome the Column in the Tube AB, 

as being longer; therefore, the Preſſure at G is 

leſs diminiſhed than the other, and ſo overcome 

5 by it, and, therefore, the Water muſt riſe in the 
| Tube A B, and deſcend down F G. 

472 To render the Effect of common Pumps viſible, 

let there be a little Pump made of Glaſs in the fol- 

lowing Manner; AB (Plate XX XII. Fig. 3.) muſt 

be a Cylinder of Glaſs, and about an Inch and a 

half Diameter. In the Bottom of it join a Tube 

of any Length, as C D. Let the upper Part of 

it be ſhut with a leaden Ball, ſo that the Water 

may not be able to deſcend out of the Cylinder, 

but may eaſily riſe into it, by raiſing up the Ball, 

which we make uſe of here inſtead of a Valve. 

The Piſton is moved in the Cylinder A B, which, 

being ſurrounded with Leather, exactly fills its 

Cavity : 'Thereis a Hole in the Piſton, which like- 

wiſe is ſtopped with a Ball of Lead inſtead of a 

Valve; fo that the Water may riſe, but not de- 
ſcend through the Piſton. 


Experiment 4.] Puſh down the Piſton to the 
Bottom, pour Water upon it to hinder the Paſ- 
fage of the Air; if the End of the Tube CD be 
immerſed into Water, and the Piſton be raiſed, 
the Water will aſcend up into the Cylinder AB 

* 447 * from which it cannot deſcend ; wherefore, it 
comes up through the Piſton, when it is puſhed 
down. If you raiſe the Piſton again, the Cylin- 
der is again filled with other Water, and the firſt 
Water is raiſed up into the wooden Cylinder 
which is joined into the glaſs one, from which it 

runs out through the Tube G. . 

473. Since the Effects of all the Machines, deſcribed 
in this Chapper, depend upon the Preſſure of the 
Atmoſphere, the Water will not riſe in theſe Ma- 

* 423 Chines much higer than 32 Foot. 
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There are ſeveral little artificial Fountains, 
that are called the Fountains of Hero ; I ſhall here 
give the Conſtruction of one of them. 


Plate XX XII. Fig. 4.] Let there be two equal 474 
elliptical Veſſels A B and CD, exactly ſhut on all 
Sides, made of one Sort of Metal. 

In each of them, there is a Separation paſſing 
through the Center of the Ellipſe, which divides 
the whole Veſſel into two equal Parts. 

The Separation m2 7 2, in the Veſſel DC, is per- 
pendicular to the Axis of the Ellipſe, the Separa- 
tion cfg Hof the other Veſſel muſt be inclined to 
that Axis. 

There is a Brim raiſed round about the upper 
Part of the Veſſel AC B, to make a Baſon. 

Four Tubes are joined to theſe Veſſels The 
firſt op goes through the Cavity B of the Veſſel 
AB, without having any Communication with 
it, and deſcends almoſt to the Bottom of the Ca- 
vity D; the ſecond 57 is ſoldered to the upper 
Part of the Cavity D, and aſcends to the upper 
Part of the Cavity B, but not quite ſo high as to 
touch the upper Plate of it. The third 7 reaches 

from the lower Part of the Cavity B, almoſt 
to the Bottom of the Cavity C; the 4th, x, is 
made faſt to the upper Part of the Cavity C, and 
reaches almoſt to the upper Part of the Cavity A. 

Laſtly, there is a Tube z y, which, going thro* 
the upper Plate, is ſoldered to it, and reaches 
down ſo deep in the Cavity A, that its End 
is but a little Way off of the Bottom. | 

There are Cocks joined to every one of the Ca- 
vities ; or elſe they have other Holes that are ſhut 
up with Screws that have Leathers on them ; the 
chief Uſe of them is to let out the Water very 
clean from the Cavities, leſt they ſhould grow 


ruſty, when the Machine in not in Uſe. 
Experiment 
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Experiment 5.) Pour in Water through the 
Tube op, ſo as to fill the Cavity D; if you con- 
tinue to pour in Water, it will riſe up through the 
Tube 57, and then deſcend through 9 r into the 
Cavity C, which is alſo filled, the Air aſcend- 


ing up through xu, and going out through zy. 


Turn the Machine upſide down, opening the | 
Cocks of the Cavity C and D, the Water will de- 
ſcend into the Cavities B and A. Having again 
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ſhut the Cocks, as alſo the Hole y of the Tube 25), 
ſet the Machine again the right Side upwards, 
and pour in Water again through the Tube , 
till the upper Surface of the Machine be covered 
. with Water. 
Water will ſpout up to almoſt twice the Height of | 
the Machine, and the Motion of the Water will | 
continue, till the Cavity A be emptied of its Wa- 
The Heightof the ſpouting Water will con- | 
tinually diminiſh, and at laſt it will not be dou- | 


Now, if the Hole y be opened, the 


ter. 


ble the Diſtance of the Veſſels. . 
The Effect of this Machine is to be attributed 
to the Compreſſion of the Air in the Veſſels. The 


Preſſure of the Atmoſphere at o and y, as alſo in 


the Veſſels, is equal, and theſe Preſſures deſtroy 


one another, therefore, they are not to be conſider- 
ed in the Examination of the Machine. When at 
laſt the Water is poured into the Tube op, it is | 
ſuſtained in it by the Preſſure of the Air contain- 


ed in the Cavity D, and qu the Surface 
all Height in that 
Cavity; which Air, therefore, is compreſſed by F 
the Weight of the Water, whoſe Height is po. We 
ſpeak of the Preflure, by which the Preſſure of the | 
Atmoſphere is overcome. 'The Air in the upper | 


of the Water which ſtands at a 


Part of the Cavity B communicates with the 


Air above-mentioned by the Tube 57, and is e- 
qually compreſſed, and acts with the ſame Force 
upon 


. : Book IL Of Natural Philoſophy. 


upon the Surface of the Water in that Cavity. 
his Preſſure is to be added to the Preſſure ari- 
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ſing from the Height of the Water, in order to have 


che Force by which the Air is compreſſed in the 
cavity C, as alſo in the upper Part of the Cavity 


A, by reaſon of the Communication through the 


Tube x . The Preſſure, therefore, upon the Sur- 
face of the Water in that Cavity A, is equal to 


a Pillar of Water, whoſe Height is almoſt double 
theWeight of the whole Machine. And, therefore, 
it ſpouts as if it was preſſed by ſuch a whole Co- 
lumn ; that is, to a Height not much wanting 
from the Height of that whole Column. * 

The Height is continually diminiſhed, for the 
Columns of Water, which compreſs the Air, con- 
tinually become ſhorter, becauſe the Water aſ- 
cends in the Cavities C and D, and its Height is 
diminiſhed in the Cavity B. In the ſame Time 
the Cavity A is continually evacuated, and the 
Water aſcends through a greater Space, befare it 
comes toy; therefore, it is driven to a leſs Height 
above y. 


CHAP. XVII 
Of the undulatory Motion of the Air, where 
we ſhall treat of Sound. 


Fibe Air be agitated in auy Manner, the Par- 47 


ticles moved recede from their Place, and 
drive the neighbouring Particles into a leſs Space; 


and as the Air is dilated in one Place, it is compreſ- 
ſed in the Place next to it; the compreſſed Air, 


by the Reſtitution of the Spring, not only returns 
to its firſt State, but is alſo dilated by the Motion 
acquired by the Particles. | 

The Air, being firſt dilated by that Motion, is 
reſtored to its firſt State, and theAir a 
e 
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ſed towards other Parts. This again obtains, 
when the Air laſt compreſſed expands itſelf, by 

which a Compreſſion of Air is again produced; 
therefore, from any Agitation there ariſes a Motion 
analogous to the Motion of a Wave on the Surface of 
"402 Water. * The Air is compreſſed in that Manner 
with a Dilation. following, ſo as to make what is 

*703 called a Wave of Air: * Compreſſed Air always 
dilates itſelf every Way, and the Motion of theſe 

478 Waves is the Motion of a Sphere expanding itſelf in 
the ſame Manner as the Waves move circularly 

*,o; upon the Surface of the Water.“ 

478 bilſt a Wave moves in the Air, where-ever it 
paſſes, the Particles are removed from their Place, 
and return to it, running through a very Pe Space 
70 going and coming. 


Plate XXXIII. Fig. 1 10 N o to explain the 
Laws of this Motion, let us conceive Pafticles 
of Air to be placed at equal Diſtances, and to be 
in a Right Line, as a, b, c d, &c. and f. Let the 
Wave be ſuppoſed to move along that Line ; now 

let us ſuppoſe it to be come forward along that 
Line, as far as between and p; and that the 
Air is dilated between 5 and , but compreſſed 
between h and p, as all this is repreſentedi in Line 1. 

479 The greateſi Denſity is at in, which is the Mid- 
dle between h and p, and the greateſt Dilation, be- 
tween b and h, is in the Middle e. 

480 Wherever the neighbouring Particles are not e- 
gually diſtant, the Motion, arifing from Elaſticity, 
cauſes the leſs diſtant Particles to move towards 

*.:2 thoſe that are moſt diſtant ; * and this Motion a- 
lone, abſtracting from all e Motion acquired, 
is to be examined. 

Between b and ethere is a ; Motion from h towards 
e, that is, conſpiring with the Motion of the Waves; 
there is alſo ſuch a Motion between m and p. _ 

| ut 


„ ww OW” © GUO. . we YO. 


en erer © © 


Book II. Of Natural Philoſophy. 241 


But there is a contrary Motion between e and 482 
n, and it is directed from in towards e. 

At m and e, where the Directions of the Mo- 483 
tions are changed, 70 Action ariſes from the Ela- 
/ticity, becauſe the neighbouring Parts are placed 
at equal Diſtances among themſelves. _ 

In the Places bh, h, and p, the Difference of the 484 
neighbouring Parts is the greateſt of all, and there- 
fore, there is the greateſt Action of the Elaſticity. - 

From this it follows, that a Particle, accord- 
ing to its different Place in a Wave, ſuffers a dif- 

ferent Action from the Elaſticity by which its Mo- 
tion is generated, accelerated, diminiſhed or de- 
ſtroyed; therefore, the Direction of the Motion 
of a Particle cannot be determined from the Ac- 
tion of the above-mentioned Direction only, and 
does not always agree with that Direction, and 
the Motion of the ſingle Particles is changed eve- 
ry Moment. | 

All the Particles between & and p are removed 
according to the Order of the Letters. 'The Par- 
ticles between Y and p continue their Motion, 
and the reſt between h and h return towards b, as 
will be ſaid hereafter. 1 

Theſe continue in the Motion by which they 
return, until, by the Action of the Elaſticity, 
whoſe Direction is changed in the Point e, the 
Motion acquired anew be deſtroyed ; in which 
Caſe a Particle, as b, returns to reſt, and its firſt 
State. In the following Moment the Particle c 
comes to reſt in its firſt State, but p comes for- 
ward to q, as in the Line 2, and ſucceſſively in 
equal Moments, the Wave has all the Poſitions 
which are here repreſented in the Lines 1, 2, 3, Cc. 485 
and 13; and, wh7l/t. the Wave, from the Poſition 
in the Line 1, comes to the Poſition in the Line 
13, it runs thro its whole Breadth. The Particle 
p, in that Motion, goes and returns, and the Mo- 

R tion 
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tion of it is made ſenſible in the Figure, and, as © 
it plainly appears, this Particle goes ſucceſſively M 
through all the Situations of the Particles; in the ti 
Waves all the Particles ſingly are agitated by the of 
like Motion. | ed 
486 The Motion of any Particle, as p, in its going th 
backward and forward, is analagous to the Motion Li 
of a vibrating Pendulum, whilſt it performs two ne 
Oſcillations, that is, does once go forward and M 
backward. A Pendulum deſcends in its Ofcilla- gil 
tion, and the Motion acquired conſpires with the ter 
Motion of Gravity, and is accelerated by it, un- thi 


til it comes down to the loweſt Part of the Arc 

to be deſcribed, that is, the Middle of the Way Ac 
to be run through; the Pendulum goes on by aft 
the Motion acquired, which is deſtroyed by the Ac 
Action of Gravity, whoſe Direction changes in the 
this Point, whilſt the Body aſcends up the other ag 
Part of the Arc to be deſcribed : 'This Body re- mi 


turns by the ſame Laws. in 

The Particle p is moved by the Elaſticity, and vit 

this Motion is accelerated by the Action of the dle 
Elaſticity, until it comes to the Situation of the Pai 
481 Particle n, the Line 1, * which Situation is ſeen in 
in Line 4, in which the Particle p is, in the Mid- Pa! 


dle Point of the Space, to be run through by the UE 
Motion backward and forward. By the Motion AC 

* 432 acquired, though Gravity acts againſt it, * it gec 
rſeveres in its Motion, until, by the Action of tin 

the ſaid Elaſticity, the Motion be wholly deſtroy- the 

ed, which happens, when it has gone through a Fo 


Space equal to that in which it was generated; the 
then the Particle is in the Poſition which is ſeen thr 
in Line 7, which anſwers to the Situation of upe 
the Particle h in Line 1. Then, by the Elaſticity, ric] 
the Particle returns, and is accelerated, until it one 
has acquired the Situation of the Particle e, in Po 
* 482 Line 1, “as in Line 10, that is, until, as in tio 


Lane 
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Line 4, it comes 'again to the Point that is in the 
Middle of the Way to be run through. The Par- 
ticle continues in its Return, until by the Action 
of the Elaſticity, whoſe Direction is again chang- 
ed *, the whole Motion is deſtroyed; and then 48; 


the Particle returns to its firſt Poſition, as in the 


Line 13, and there, not being agitated by any _ 
new Motion, it remains at reſt. Therefore, the 487 
Motion of the tremulous Body, by which the Air is a- 
gitated, ceaſing, there are no new Waves genera- 

ted, and the Number of the Waves is the ſame as 

the Number of the Agitations of that Body. 

If, after two Vibrations of a Pendulum, the 
Action of Gravity ſhould ceaſe, as in the Air, 
after the going and returning of a Particle, the 
Action of the Elaſticity on that Particle ceaſes, 
the Motion of a Particle of Air would wholly 
agree with the Action of a Pendulum. In the 
middle Point of the Arc, which is to be run thro? 
in the Oſcillation, there is no Action of Gra- 
vity, and its Direction is changed; in the mid- 
dle Point of the Space to be gone thro' by the 
Particle p in its going and coming, in which it is 
in the 4th and 1oth Line, the Situation of this 
Particle agrees with the Situation of the Particles 
mand e in Line 1, in which Points there is no 
Action of Elaſticity, and its Direction is chan- 
ged*, In a Pendulum, the more a Body ofcilla- 483 
ting is diſtant from the loweſt Point or Middle of 
the Arc to be deſcribed, by ſo mach greater is the 
Force of Gravity acting upon it; the more alſo 


the Particle p is diſtant from the Space to be run 


thro', the more is the Action of the Elaſticity 
upon it; and in the Lines 1, 7, and 13, the Par- 


ticle is moſt diſtant from the Point above-menti- 


oned, and its Situation there agrees with the 

Points b, Y and p in the Line 1, in which the A- 

tion of the Elaſticity is greateſt of all *. „ *444 
oy Kan According 


256 oſcillating in a Cycloid &. 
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According to which Law, ſince this Action of 
Elaſticity increaſes with the increaſed Diſtance 
of the often mentioned middle Point, it is deter- 
mined from the very Law of the Elaſticity of the 
Air,whoſe Particles drive one another away with a 
Force which is inverſely as the Diſtance between 


*432 the Centers of the Particles*: and it is demon- 


ſtrated, that the Action of Elaſticity upon ſuch 
a Particle, as p, is increaſed or diminiſhed in Pro- 
portion to the Diſtance of the middle Point of 
the Space to be run thro* : And, therefore, alſo in 
that Part there is an Analogy between the Moti- 
on of a Particle and the Motion of a Pendulum 

If the Breadth of the Wave remaining, the Par- 
ticles run out thro” a greater Space, the Compreſ- 
ſion and Dilatation of the Air in the Wave will be 


greater, and there will be a greater Action of Elz- 


ſticity, and that greater in the ſame Ratioin which 
the Space gone thro' in the going and coming is 
increaſed: And the Motion of a Particle, as p in 
this Caſe, differs from the Motion in the foregoing 
Caſe, as the unequal Oſcillations of different Pen- 
dulums differ ; which, as they are performed in 


*,z6 equal 'Times*, the ſame will alſo obtain here. 


Therefore, a Particle, as p, if the Breadth of 
the Wave continues the ſame, goes and comes in 
the ſame Time, thro whatever Space it be car- 
ried out of its Place; that is, the Wave will go 
its Breadth in the ſame Time; therefore, all equal 
Waves, whether the Air be more or leſs agitated, 
are equally ſwift. rag} ©! 

No let us examine unequal //aves ; let em 
be as A to B, and let the Space gone thro' by 
the Particles, in the Motion of each of them in 
going and coming, be in the ſame Ratio; in that 
Caſe the Compreſſions and Dilatations in corre- 
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ſpondent Places will be equal; the Actions, there- 
fore, from the Elaſticity, don't differ in corre- 
ſpondent Diſtances from the middle Point of the 
Spaces to be run thro' by the Particles, in their 
going and coming. Therefore, thoſe Motions are 


analogous to the Motions of two Pendulums, whoſe 


Lengths are as A and B, and which run thro” ſi- 
milar Arcs; for, in the correſpondent Points of 
thoſe Arcs, the Action of Gravity is the ſame. 
In Pendulums the Action of Gravity increaſes 
as the increaſed Quantity of Matter, and hat- 
ever be this Quantity, the Motion is equally ſwift, 
when the Gravity is not changed; on the con- 
trary, the Action of Elaſticity is determined in 
the Motion of Waves, and depends upon the Di- 
ſtance between the Particles and the Velocity, 
which is generated from it, the Elaſticity remain- 
ing the ſame, is inverſly, as the Quantity of Mat- 


ter to be moved.* In the Waves above-mentioned, * 65 
the Quantities of Matter are as the Breadth of 499 


the Waves a and , and the Velocities generated 
by the Elaſticity are, therefore, in correſpondent 


Points as Y to a. Therefore, theſe Motions are 


analogous to the Motions of Pendulums deſcribing 
ſimilar Arcs, and moved with different Forces of 
Gravity, which are to one another as B to A; for, 
in correſpondent Points of fimilar Arcs, the Ce- 
lerities ariſing from different Gravities are as thoſe 
Cravities. | 
Now to compare the Motion of Waves with 
the Motion of Pendulums, we muſt conſider Pen- 
dulums differing in Length, and on which diffe- 


rent Forces of Gravity act * and we have ſhewn * 


what theſe Cauſes produce fingly in the Dura- 


tion of the Vibrations.“ Both theſe are to be 


joined together, and the Squares of the Times 
of the Oſcillation of Pendulums, whoſe Motions 
| R 3 are 


489 
499 


158 
165 
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are analogous to the Motion of the above-men- 
*,% tioned Waves, are as the Length A and B, * and 
1s inverſely, as the Gravities B and A: * That is, 
165 again directly, as A and B; the Ratio of which 
Ratio's is a Ratio, compounded of the Squares of 
the Quantities A and B. Therefore, the Times of 
the Oſcillations are as A and B, and the Times 
are in the ſame Ratio in which the Particles of 
the Waves go and come ; that is, the Waves run 
through their Breadths, which are as A to B; 
which Times are, therefore, as the Spaces gone 
thro' by the Waves, and, therefore, the Motions 
are equally fwift. If the Space be changed thro' 
which the Particles go and come, the Velocity 
*488 of the Waves is not changed; * wherefore, the 
Proportion which we have put down for a De- 
monſtration, between the Spaces gone thro' by 
the Particles in their going and coming, may be 
neglected, and the Propoſition will be generally 
x true, that Waves, whether equal or any Way un- 
49 : 
* equal, move with the [ame Velocity. | 
492 This Rule will hold good, zf the State of 
the Air is not changed; but he Elaſticity remain- 
ing the ſame, the Denſity of the Air often varies ; 
and the Elaſticity may be changed, the Denſity 
remaining the ſame ; laſtly, both are often liable 
to be changed. To” 5 ; 

In the firſt Caſe, ſuppoſing both the Waves to 
be equal, and alſo the Spaces thro which the Par- 
ticles go and come, the Celerities ariſing from 
the Elaſticity, which is always the ſame, are in- 

65 verſely as the Denſities &; but this Variation of 
288 Celerity anſwers in the Motions of equal Pendu- 
4% lums, with the Variation of the Gravity *, in 
which Caſes the Squares of the Celerities of the 
716% Vibrations are as the Gravities themſelves *; 
therefore, in HavestheSquares of their Celerities are 
r E # 4 4-2-3 , \ 5 4 inverſely 
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inverſely as the Denſities. 'The Suppoſition of the 


_ Equality of the Waves, and the Spaces gone thro? 
by the Particles, does not hinder this Demonſtra- 


tion from being univerſal.* * 438 

When the Denſity remains the ſame, but the E= 491 
laſticity is changed, the Celerity ariſing from it va- 493 
ries in the ſame Ratio as the Elaſticity ; where- 
fore, from the Demonſtration of the foregoing Pro- 
poſition in this Caſe, he Squares of the Celerities 
of the Waves are as the Degrees of the Elaſticity. 

If the Elaſticity and the Denſity differ, the Squares 494 
of the Velocities of the Waves will be in a Ratio 
compounded of the direct Ratio of the Elaſticity *, 493 
and the inverſe Ratio of the Denſity. * 492 

If the Denſity and the Elaſticity increaſe or de- 495 
creaſe in the ſame Ratio, the inverſe Ratio of the 
Denſity will deſtroy the direct Ratio of the Ela- 
ſticity, and he Celerity of the Waves will not be 
changed. 

This laſt Caſe happens in the Compreſſion of 496 
the Air.“ Therefore, from the changed Height of * 439 
the Pillar of Mercury, which is ſuſtained in a Tube 
void of Air by the Preſſure of the Atmoſphere *, 4:: 
which ſhews, that the Weight, by which the Air 
is compreſs'd near the Earth, is changed, we mnft 497 
not judge the Celerity of the Waves to be changed. 

For the ſame Reaſon, the Waves are moved with 
the ſame Celerity in the Top of a Mountain as in 
a Valley ; unleſs there be a Change of the Elaſti- 
city itſelf, by reaſon of the Cold, which is almoſt 
always more intenſe on the 'Top of a Mountain 
than in a Valley; and this would occaſion the 


Waves to move ſlower.“ | * 493 
It is plain alſo, that he Waves move faſter in 498 
Summer than in Winter. * — 


The Celerity of the Waves is compared to 499 
the Celerity which a Body acquires in falling, 
by determining, from the known Height of the 
| ” R 4 Mer= 
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Mercury, which weighs equally with the Pref- 


* 422ſure of the Atmoſphere *, and alſo the Denſity 
442 of the Air *; he Height of the Atmoſphere, ſup- 
poſing it every where equally denſe with the Air 
ear the Earth; the Pelocity of the Waves will be 
the ſame as a Body could acquire in falling from 
balf that Height. Which Velocity, from what 
haas been ſaid, may be eaſily diſcovered by Expe- 

' 75” riments made upon Pendulums. x | 

If the Weight, by which the Air is compreſs'd, 
be diminiſh'd, the Air expands itſelf in the ſame 
* 42Ratio*; and ſuppoſing the Atmoſphere every 
where of the ſame Denſity, its Height does not 
vary, which agrees with what has been ſaid, that 
the Velocity of the Waves is the ſame in different 
N +95 Compreſſions of the Atmoſphere.* 

500 The Motion of the Air, which we conſider in 
this Computation, ariſes from Elaſticity alone, 
and the Computation would be exact, if the Par- 
ticles themſelves had not a ſenſible Proportion to 
the Interſtices between them ; but if we ſuppoſe 


here that they bear a ſenſible Proportion to them, 


the Motion of the Waves will be ſwifter; for it 
is propagated through ſolid Bodies in an Inſtant, 
which muſt alſo be referred to heterogeneous Cor- 
puſcules ſwimming in the Air. 
501 The Motion of Waves in the Air produces Sound; 
of which, before we ſpeak, we muſt lay down 
ſomething in general relating to Senſation. 
502 So ſtriét is the Union of the Body and the 
Mind, that ſome Motions in the Body do, as it 
were, cohere with certain Ideas in the Mind, and 
they cannot be ſeparated from each other. From 
the Motion of the Body are new Ideas every Mo- 
ment excited in the Mind, and ſuch are the Ideas 
of all ſenſible Objects; yet we find nothing com- 
mon between the Motion in the Body and 2 
VCC ES RT des 
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Idea in the Mind. We cannot perceive what 
Connection is here, nor that any Connection is 


- poſſible. There are an infinite Number of Things 

* hidden from us, of which we have not ſo much 

6 as an Idea. 18 | | 

7 The undulatory Motion of the Air agitates 503 
t the Tympanum, or Drum of the Ear, by which 
- Means a Motion is communicated to the Air 


contained in that Organ, which, being carried to 


; the auditory Nerve, excites in the Mind the Idea 

e of Sound. . 

Y The Structure of the Ear, both internal and 

t external, is wonderful; but here we treat of the 

t Motion of the Air; that it is the Vehicle of Sound, 

t is proved by the following Experiment. 

n Experiment 1. Plate XXXIII. Fig. 2.] Take { 
, the leaden Plate O, which has two cylindric Pil- F 
- lars of the ſame Metal C, C, fixed to it ; join a 

) little Bell A to the braſs Wire B D, and let it be 

2 tied with Strings to the Pillars C, C; lay the Plate 

„ O upon the braſs Plate of the Air- Pump, put- 

t ting between a little Cuſhion of Cotton, or Raw- 

R Silk ; ſet a Receiver on over all this Apparatus. 


Cover the Receiver with a Flate that has the Col- 
lar of Leathers ſcrewed to it, through which the 
; braſs Wire DE can ſlip up and down *; to the 449 
braſs Wire you mult faſten the Plate e f, ſo that, 
by turning the Wire round, the Bell A may be 
agitated. * Pump out the Air from the Receiver, 
and ſhaking the Bell in the Manner before deſcri- 
bed, you will not hear the Sound. By turning 
the Wire DE, the Bell will move backward and 
forward ſeveral times ; but we are only to obſerve 


| | — vas T3 UP 


that Motion in which the Plate e f doth not touch 
. the Wire d. Letting in the Air, the Sound 
i will be heard as before. | 


From 
S 7 *». 18 
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305 From this alone, that the Air is the Vehicle of 
Sound, and that Sound is moved thro' it with- 
out the Air's being carried from one Place to an- 
other, it evidently follows, that in Sound: there 
is an undulatory Motion of the Air, and. that 
Sound ariſes from the tremulous Motion. of Bo- 
dies. That this obtains in Cords, or Strings of 
muſical Inſtruments, no Body doubts, fince by 
giving them a tremulous Agitation they produce 
a Sound. In great Bells, and ſeveral other Bo- 
dies, this tremulous Motion is very ſenſible ; but 
it will become viſible by the following Experiment 
made upon a ſounding Glaſs Bell. 


tranſverſe Piece of Wood AB; this Wood muſt 
be ſuſtain'd by two wooden Pillars 8 S, to which 
It is firmly join'd with Screws and Nuts. 'There 


one of the Pillars, juſt even with the Mouth of 
the Bell; ſo, by ſcrewing it forwards or back- 
wards, you may ſet it nearer to, or farther from, 
the Edge of the Bell. If this Diſtance be very 
ſmall, and the Bell be ſtruck, it will, by its tre- 
mulous Motion, ſtrike ſeveral Times againſt the 
Pin with its Edge. | 
506 Hence we deduce, that 2 Body, that is ſtruck, 
continues to give a Sound ſome Time after the 
Blow ; the agitated Fibre will continue his Vibra- 
* 215 tion ſome Time, on Account of the Elaſticity &; 
we often ſee, as in Experiment 1. that a Body 
gives a Sound, tho' the Air, agitated by it, has no 
Communication with the outward Air ; whence it 
507 follows, that, by the Agitation of the Air, the Fibres 


One . WS * 8 9 W 


3 9 


of 


1 


Experiment 2.] Let the Glaſs Bell C C be fix d 
with Plaſter, or Cement, to a wooden Screw, by 
Means of which it may be made very faſt to the 


is a Pin, with a Screw upon it, that goes through 


of which Bodies conſiſt are mov d; which Motion 
is transferr'd into the external Air. 

This 'Tranſlation of the Sound, by the tremu- 
lous Motion of the Fibres, is very remarkable ; 
and how the Communication of this Motion ex- 
tends itſelf, will appear by a fingle Experi- 
ment. 


Experiment 3. Plate XXXIII. Fig. 2.] This 
Experiment differs from the firſt only in this; 
that if, inſtead of tying the Bell to the leaden 
Machine CO C, it be faſtened to the Ends of 
a braſs Plate bent in the Figure of a double Gno- 
mon, which is made faſt by a Screw to the Plate 
of the Air-Pump, and the Air be pumped out, 
and the Bell ſhak'd in the ſame Manner as in the 
firſt Experiment; you will find but very little Dif- 


Book IT. Of Natural Philoſophy. 251 


ference between theSound that is made, when the 


Air is exhauſted, and when the Air is re- ad- 
mitted. 

The tremulous Motion of the Parts of the Bell 
is communicated to the braſs Wire 5 d, ſo as to 
move the Strings by which the Bell is ſuſpended, 
and this Motion is transferred to the bent braſs 
Plate; the Screw, with which this Plate is joined 
to the braſs Plate of the Air- Pump, touches the 
Plate, and communicates a tremulous Motion to 
it, by which the Air is agitated, and the Sound 
of the Bell is heard. 5 | 


The Celerity of the Sound is the ſame as the Cele- 508 


rity of the Waves, which ſirike the Ear; and to 


this muſt be referred what has been ſaid of their 451 


Celerity. * In reſpect to Numb. 499, it is to be 
| obſerved, that the Celerity of Sound can no Way 
be determined by Calculation ; for the Propor- 
tion, between the Diameters of the Particles and 
in the Interſtices between them, is not known, 
W . neither 


492, 
493. 
494. 
495, 
496, 
497. 
498, 
499, 
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neither how large a Space the heterogeneous Par- 
ticles take up in the Air. 
The Celerity of Sound may be immediately 
determin'd by an Experiment. 
509 If a Flaſh of Fire goes off at Night with a 
| Noiſe, and a Spectator ſtands at any known Di- 
ſtance from the Fire, who, with a ſhort Pendu- 
lum, meaſures the Time between ſeeing the Light, 
and hearing the Sound, he will have the Celerity 
of the Sound; for the Motion of Light, at leaſt, 
thro' the Space as ſuch an Experiment can be 
made in, is inſtantaneous. | 
510 By ſuch an Experiment made in France, it ap- 
pear d, that Sound run 1800 Freuch Feet in a ſe- 
cond Minute of Time; but this Celerity is not 
* 408 Conſtant.* 
511 If at the ſame Time in which the Velocity of 


the Saund is determin'd by this Method, there 


* 422 be made the two Experiments above- named &, 
499 one may, by Calculation, determine the Motion 
* 499 of Sound by the Elaſticity of the Air *, and by 
comparing it with the Velocity immediately men- 
tion'd, you will have the Acccleration of the 
Sound, from the Thickneſs of the Particles, and 
51a the heterogeneous Matter. . 
491 The Celerity of the Sound is equable *, yet in 
going through a greater Space, it is ſometimes ac- 
* 493 celerated or retarded *, from the different Degree 
of Elaſticity in different Places, in which there 
* 434arc different Degrees of Heat or Cold.“ 
513 The. Celerity of the Sound does not much differ, 
whether it gces with the Find, or againft the Wind. 
By the Wind a certain Quantity of Air is carried 
from one Place to another; the Sound is accele- 
rated as long as it moves through that Part of 
the Air, if the Direction of the Sound be the 
ſame with the Direction of the Wind ;. but as 
Sound moves very ſwift, in a very ſhort Time : 
| wi 
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will run through the Air which is agitated by 
the Wind, and the Acceleration does not laſt 
long, which, indeed, is not very great ; for the 
molt violent Winds, which are ſtrong enough to 
root up Trees, and blow down Houſes, have 
their Celerity to the Celerity of the Sound, but 
about as one to 33; by the ſame Argument it is 
prov'd, that no ſenſible Retardation is occaſioned 
by the Wind, when the Sound moves againſt 
it. | 

Ihe Space which the Particles run through, as 
they come and go, may be increas'd and diminiſh- 
ed by the Wind, Hherefore, the Sound may be heard 
at a greater or ſimaller Diſtance, according to the 
Direction of the Wind. 

The Intenſity of the Sound depends upon the 
Strokes of the Air on the auditory Nerve, and 
theſe Strokes are as the Quantities of Motion 
in the Air. 

Whence it follows, that, ceteris paribus, the 515 
Intenſity of the Sound is as the Space run through 
by the Particles in their going and coming *. 

All Things remaining as before, if the Weight ;, 
by which the Air is compreſſed be changed, the 63. 


Celerity does not vary *, but the Denſity is chan- _ 


ged in the ſame Ratio as the Weight *. 2 
I) herefore, cæteris paribus, the Intenſity of the; 16 
Sound is as the Weight by which the Air is com- 
preſs d'*, that is, this Intenſity increaſes and de- *. 
creaſes, as the Pillar of Mercury, which is 77 Æ- 
quilibrio, with the Weight of the Atmoſphere. 


Experiment 4. Plate XX X11I1. Fig. 3.] Shake 
the Bell A in compreſſed Air * exactly in the 4454. 
Manner as it was ſhak'd zu Vacuo, in Experim. 1. 
and the Sound will be increaſed ; which will again 
be diminiſhed, if opening the Bell you let the 
Air return to its firſt State. As 


428, 
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As the Intenſity of the Sound in compreſs'd Bod 

Air, included in a Veſſel, is greater, ſo the Fi- Nu 

bres, of which the Glaſs V V is made, are agi- Tir 

tated, and a greater Agitation is communicated Per 

F to the external Air. N fere 
517 If all Things remain as before, but the Plaſticity 1 
j be iucreas d, the Denſity is diminiſhed in the ſame Vit 
[ 430 Ratio as the Elaſticity is increas'd*, but the acc 
Celerity increaſes as the Square Root of the Ela- que 

1493 ſticity * ; therefore, he Intenſity of the Sound is di- the 

rectly as the Square Root of the Elaſticity, and in- of 1 

*64 werſely as the Elaſticity itſelf * ; but the Ratio, Nu 
compounded of theſe, is the inverſe Ratio of the Air 

$18 above-mention'd Square Root of the Elaſticity, ? 

The Intenſity of the Sound is diminiſhed, there- Hi. 

519 fore, as its Velocity is increas d; and in Summer, whe 

cæteris paribus, the Intenſity of Sound is leſs than Spa 

in Winter ; yet, in Summer, Bodies do more eaſily 0 

| tranſmit Sound: Becauſe their Parts cohere leſs MW di, 
| ſtrictly, as will be explain'd at a proper Time, and dito 
| they domore eaſily acquire a tremulous Motion. ] 
| | tion 


=_ Experiment 5. Plate XXX111, Fig. F.] Hang rene 
; up the Bell A in a Glaſs, and opening the Cock, whi 


| that the Air in the Glaſs may have Communica- ] 
| tion with the external Air, let the Glaſs be ſha- or 
1 | ked, and the Diſtance be determined when the 8 
| Sound can be heard; warm the Glaſs and repeat the 
| the Experiment, and the Sound will be heard ata wit! 
greater Diſtance. 45 call 

$20 The Intenſity of Sound, confider'd in general, is in \ 

a compound Ratio of the Space run thro by the Par- nan 

*515 ticles, in their going backward and forward*, of 8 

|  *116 the Weight compreſſing the Air *; and laftly, of the as 4 

| *:19 iuverſe Ratio of the Square Root of the Elafticity* 1 
521 There is alſo a Difference in Sound, from the cou 


Number of the Vibrations of the Fibres of = the 
| | Body 


k 
p 
y 
4 
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Body which produce the Sound, that is, of the 
Number of the Waves produced in a certain 


Time, according to the different Number of the 


Percuſſions in the Ear, the Mind receiving a dif- 
ferent Senſation. 

A Muſical Tone depends upon this Number of 522 
Vibrations, which is ſaid to be the more acute, 
according as the Returns in the Air are more fre- 
quent ; and more grave, the leſs the Number of 
the Waves is; and the Degrees of the Sharpneſs 
of the different Sounds are to one another, as the 
Number of the Waves which are produced in the 
Air at the ſame Time. 3704 323 

A Tone does not depend upon the Intenſity of the 524 
Sound, and an agitated Cord gives the ſame Sound, 
whether it vibrates throusb a greater or a leſs 
Space." * 

Concords ariſe from the Agreement between the 525 
different Motions of the Air, which affett the Au- 
ditory Nerves at the ſame Time. | 

If two tremulous Bodies perform their Vibra- 526 
tions in the ſame Time, there will be no Diffe- 
rence between their Tones, and this Agreement, 
which is the moſt perfect of all, is call'd Uniſon. 

If the Vibrations are as I to 2, this Conſonance, 524 
or Agreement, is call'd Octave, or Diapaſon. 

Suppoſing the Vibrations as 2 to 3, that is, if 528 
the ſecond Vibration of one Body always agfees 
with the third of another, ſuch a Conſonance is 
call'd a #:fth, or Diapente. | 

Vibrations, which are as 3 to 4, give a Conſo- 529 
nance which is call'd a Furth, or Diateſſaron. 
| Ditonns is, when the Returns of the Air are 539 
as 4 tO F. | 

And Seſquiditonus is a Conſonance, from a Con- 53 T 
courſe of the fifth Vibration of one Body with 
the ſixth of another. | 


A Con- 


| 
| 
| 
| 
| 
| 
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A Conſonance from the Agitation of Cords, if 
they be of the ſame Kind, is eaſily determin'd by 
knowing their Dimenſions and Tenſion. 

532 Cæteris paribus, F the Lengths of two Cords 
are as the Number of Returns in a Conſonance, 
you will bave the Conſonance between the Sounds 

* 239 which the Strings produce.* 
533 The ſame obtains, if, ceteris paribus, he Dia- 
* 260 meters have the aforeſaid Proportion.“ | 

534 And alſo, #f, ceteris paribus, the Proportion of 

the Vibration in a Conſonance be given between the 
* 258 Syuare Roots of the Tenſions * 

535 And generally, ſuppoſins any Cord of the ſame 
Kind, if the Ratio be compounded of the direct 
Ratio of the Lensths and of the Diameters, and 
the inverſe Ratio of the Square Roots of the Ten- 
frons, be the Ratio between the Numbers of Vibra- 
tions perform'd in the ſame Time in any Conſo— 
nance whatever, you will have that Conſonance by 

* 261 the Agitation of thoſe Cords. * | 
All theſe have been experimentally try'd by 
Muſicians ; they have obſerv'd a very remarkable 
Phenomenon relating to theſe Cords, whoſe dif- 
ferent Caſes very well deſerve to be explained. 

536 Let any Muſical Strings be ſo extended, as to per- 
form their Vibration in equal Times; if you give Mo- 
tion to the one, the other will alſo move. Every 
Wave of the Air, ariſing from the tremulous Mo- 
tion of the firſt String, ſtrikes the ſecond String, 
and gives it a little Motion ; the String, from the 
leaſt Motion, goes backward and forward ſeveral 

* 257 Times *, and is mov'd by the Stroke of the firſt 
Wave, whilſt the ſecond Wave comes forward, 
"whoſe Motion conſpires with the Motion of the 

* 257 String *, and accelerates it. What is ſaid of 
the ſecond Wave muſt alſo be referr'd to the 


other Waves that follow, and there will be an 
Acce- 
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Acceleration, till the Motion of both Strings be AY 
almoſt equal, | 
From the ſame Demonſtration it follows, that 537 
an agitated String will communicate Motion to 
another, which performs two or three Vibrations, 
_ whilſt the firſt performs but one. 
Now, if the agitated String performs ſeveral 
Vibrations, whilſt the String that is to be mov'd 
by the Air can perform but one, from the forego- 
ing Demonſtration it would follow, that it muſt 
communicate a particular Motion to it. To diſ- 
cover which, it is to be obſerved, that the Dura- il 
tion of the Vibration and the Length of the 0 
String are reciprocal ; ſo that, every Thing elſe f 
continuing as before, the determin'd Lengthican vn 
no Way be ſeparated from the unchang'd Dura- 9 
tion of the Vibration. If, therefore, any String h 
be ſtruck with ſeveral Strokes, by which, Motion 
Is communicated to it, and the Strokes are more 
frequent than what is agreeable to the Length of | 
the String, that Part of it, whoſe Length agrees 
with the Time of the communicated Vibration, 
will be agitated as much, and there will be, as it 
were, an undulatory Motion communicated to Wo 
the String; the Length of the Waves in the String = 
| 
| 


will depend upon the Duration of the communi- 

cated Vibration, that is, upon the Time between 

the Strokes. | 

Take two Strings, in ſuch Proportion that one 538 

may vibrate twice, whilſt the other vibrates but 

once, and let the firſt String be put in Motion; 

the Duration of the Vibrations, which are com- 

municated to the laſt String with the Motion of 

the Air, agrees with a String of half its Length *, 

and ſuch is the Length of the Waves in it: There-.* 259 

fore, by the communicative Motion, the String is 

divided into two equal Parts, and the Middle 
| 8 8 


2 _— ” 


3 7 7 
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Point is at. reſt. This is confirm'd by an Experi- 
ment, if you lay a Piece of Paper upon theString 
to which the Motion is communicated ; for it will 
remain at reſt, if you lay it upon the Middle of 
the String, but any other Part of it will be af. 
fected with a tremulous Motion. 
539 If the String which is put into Motion, in Ora 
der to cauſe Motion in another, performs three Vi- 
brations, whilſt the String, to be mov'd, performs 
but one, the laſt will be divided inio three Parts 
by the communicated Motion, and there will be two 
Points of Reſt, which may be confirm'd by the 
ſame Experiment above-mention'd. All other | 
Caſes that have communicated Motion, which are 
obſerv'd by Muſicians, are eaſily deduced from 
what has been ſaid. e 
540 What has been ſaid of the Reflexion and In- 
loc flexion of the Waves in Water *, may be referr d 
T.to their Reflexion in Air, the Elaſticity in this 
40 Cauſe producing the ſame Effect as the Preſſure 
of the rais'd Water in that. 

$41 From the Reflexion of the Sound there often a. 
riſes a Repetition of it, which is calbd an Eccho. | 
If different Parts of the ſame Wave, expanding 
* 477itſelf into a Sphere *, ſtrike upon different Surfa- 
ces, fo that being reflected they concur together, 
the Motion of the Air will be ſtronger there, and 
the Sound will be heard. The ſame Sound is often 
repeated different Times from the different Parts 
of the ſame Way reflected to different Diſtances, 
and ſome of which alſo ſucceſſively concur at the 
542 ſame Place. Such a Repetition ſometimes hap- 

pens from the Reflexion being repeated. 

341 The Sound is often increas'd by Reflexion in 4 
Tute : The moſt perfect Figure of all that can be gi- 
ven to ſuch a Tube is that of a Parabola, revolving 
about a Line a Quarter-of an Inch diſtant oy 

the 
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the Axis. For if any one ſpeaks in ſuch a Tube, 
ſetting his Mouth in the Axis of the Machine, 
and in the Focus of the Parabola, the Waves will 
be ſo reflected, that every one of their Parts will 
acquire a Motion parallel to the Axis of the Ma- 
chine, whereby the Force of the Wave, and alſo 
of the Sound, will be very much increaſed. _ 
There muſt be a Mouth-Piece to fit the Lips 
fixed to the End of the Tube. 
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1. A N Eſſay on Perſpective. By V. F.'sGrate- 

A N 8*, 1724. 7 5 

2. An Introduction to Natural Philoſophy ; or 
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T/, In the wonderful Structure of animal Bo- 
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by the Reverend F. T. Deſaguliers, L. L. D. 
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4. An Analytick Treatiſe of Conic Sections, 
and their Uſe, for reſolving of Equations in de- 
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poſthumous Work of the Marquis de /* Hoſpital, 


4", 1723. 


5. The Hiſtory of Timurvee, known by the | 


Name of Tamerlayne the Great, Emperor of the 
Aſoguls and Tartars ; being an hiſtorical Journal 
of his Conqueſts in Aa and Europe, written in 
Perſian by Cherefed dire Ali, Native of Tezd, his 
Contemporary; tranſlated into French by the late 


A. Petis 


N. Petis de la Croix, Arabic Profeſſor in the 
Royal Colleges, and Secretary and Interpreter to 
the King in the Oriental Languages; with hiſto- 
rical Cuts or Maps, now faithfully render d into 
Engliſh in two Vols. 1723. | 

6. The Hiſtory of Ghenghixcan the Grear, firſt 
Emperor of the ancient Moguls and T: artars, by 
M. P. de la Croix. 1122. 

7. The Philoſophicat Works of the Honoura- 
ble Robert Boyle, Eſq; abridg'd, methodiz d, and 
diſpos d under the ſeveral Heads of Phyſics, Sta- 
tics, Pneumatics, Natural Hiſtory, Chym iſtry 
and Medicine. The whole illuſtrated with N Notes, 
containing the Improvements made in the ſeveral 
Parts of natural and experimental. Knowledge, 
fince his Time, in three Vols. By Peter Shaw, 
M. D. 4”, 1726. 

8. Elementa Arithmetice Numeroſe & Spe- 
cioſæ in uſum Juventutis Academicæ Edv. Wells, 


S. T. P. Editio altera Auctior. 


9. Univerſal Arithmetick; or a Treatiſe of A- 
rithmetical Compoſition and Refolution: To 
which is added, Dr. Halleys Method of finding 
the Roots of Equations arithmetically. 'Tranſla- 
ted from the Latin, by the late Mr. Raphſon, and 
reviſed and corrected by Mr. Cunn, 89. 

10. A Voyage round the World by Way of 
the great South-Sea, perform'd in the Years 1719, 
20, 21, 22. in the Speedtvell of London, of 24 
Guns, and 100 Men (under his Majeſty” s Com- 
miſſion, to cruize on the Spaniards in the late 
War with the Spaniſh Crown) till ſhe was caſt 
away on the Iſland of Juan Fernandes, in May, 
1520. and afterwards continued in the Recovery, 
the Feſus Maria, and Sacra Familia, &c. By 
Captain George Shelvocke, Commander of the 
Speedwell, Recovery, &c. in this Expedition, 


8% 1726. 
N 11. The 
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. Ix. The young Clerk's Vade Mecum ; or Clerk. 
ſhip improv'd : Containing the greateſt Variety 
of the beſt adapted Precedents of Bills, Bonds, 
þ a, PvE Releaſes, Acquittances, Surren- | 

ers, Letters of Attorney, Awards, Articles of 

eement, Bills of Sale, Contracts, Covenants, ' 
Gifts, Grants, Indentures, Leaſes, Mortgages, 


Wills, Ec. ſuited to all Occaſions, which com- 


monly happen in Buſineſs of this Nature; with | 


a; correct Dictionary of the Names of Perfons of 


both Sexes in Latin; the proper Additions of 
Titles and Places, and Dates and Penalties ; for 
filling up of Bonds, Recognizances, Sc. Alſo 
curious Inſtructions for the ſuing out of Times, 


with Indentures, declaring their Uſes ; ſhewing 


their various Operations and Effects in the Law: 1 


And likewiſe Obſervations on Deeds or Diſtreſſes, 
Inrollment of Deeds, Livery of Seiſn, &c. done 


in a Method intirely New, 125, 1723. E 
12. Pralettiones Pharmaceuticæ; or a Courſe | 
of Lectures in Pharmacy, Chymical and Galeni- 
cal; explaining the whole Doctrine of that Art, 
by the late learned Dr. 7obn Quincy; publiſh'd !! 
from his original Manuſcript, with a Preface by | 
P. Shaw, M. D. . 1 
13. A Treatiſe of the five Orders in Archi- 


tecture; to which is annex'd a Diſcourſe con- 


cerning Pilaſters, and of ſeveral Abuſes intro- 
duc'd into Architecture. Written in French by 
Claude Perrault, of the Royal Academy of Pa- 
ri, and made Engliſh by Fobn James of Green- | 
wich, The Second Edition. To which is added 
an alphabetical Explanation of all the Terms in 
Architecture which occur in this Work, Fol. 
4," oh 2 1 

14. Rules and Examples of Perſpective, pro- 
per for Painters and Architects, with 150 Plates, 
by Andrea Pozzo, Engliſh'd by John Fames. 
. : | 13g. Johannis 


. 15. Johannis Seldeni, Juriſconſulti Opera om- 
nia, tam Edita quam Inedita, in tribus Volumi- 
nibus, collegit ac recenſuit Vitam Auctoris, -P#- 
fationes & Indices adjecit David Wilkins, S. T. P. 
Archidiaconus Suffolcienſis, Canonicus Cantua- 
rienſis, Reverendiſſino in Chriſto Patri ac Do- 
mino Gulielmo, Divina Providentia Archiepif- 
copo Cantuarienſi, &c. a Sacris Domeſticis. In 
6 Vol. Fol. Lond. 1726. Ee 35 
1056. Opticks; or a Treatiſe of the Reflexjons, 
Refractions, Inflexions and Colours of Light. 
The third Edition corrected. By Sir 1/aac New> 
tan, Kt. 8”, 1721. e 
19. Optice, ſive de Reflexionibus, Refractio- 
nibus, Inflexionibus & Coloribus Lucis. Libri 
tres. Authore 1/aaco Newton, Equite Aurato. 
Latinè reddidit Samuel Clarke, S. T. P. Editio 
ſecunda auctior, 8˙ 1719. 7 1 85 

18. Philoſophiæ Naturalis Principia Mathema- 
tica Auctore Iſaaco Newtono Equite Aurato. E- 
ditio tertia, aucta & emendata, 4. Lond. 1726. 

19. Geometria Organica, five Deſcriptio Li- 
nearum curvarum univerſalis. Auctore Coliuo 
Mac-Laurin Matheſeos in Collegio novo Abredo- 
nenſi Profeſſore, & Reg. Soc. Socio, 47, 1720. 

20. Philoſophical Tranſactions; giving an Ac- 
count of the preſent Undertakings, Studies and 
Labours of the Ingenious in many conſiderable 
Parts of the World, from 1665 to 1725. In 32 
Vol. Continued and publiſhed by Dr. N 
rin, Secretary to the Royal Society. 2 
There are 389 Numbers, moſt of which may be 
had ſeparate. 8 3 77 
21. The ſame abridged by Mr. Loot horp, and 
Mr. Motte. In 5 Vol. 4“. N | 
4 22, Epiſtola ad amicum de Coteſii Inventis 
Curvarum ratione, quz cum Circulo & Hyper- 
bola comparationem admittunt, cui additur Ap- 
pendix, 4', 1722. . 


 Hiſtoris Corteſity Biitaumjca, tribus Volu- 
Jus contenta, obſervante Fobanne Flamſte- 
1 . R. in Obſervatorio Regio Grenovicenſi, 
1725 
Ts 4 Phyfico-Theology ; ; or a Demonſtration of 
the Being and Attributes of God, from his Works 
of the Creation, with large Notes, and many 
curious Obſervations. By William Derbam, Re- 
tor of Upminſter in Eſſex, Canon of indſor, 
F. R. S. The Sixth Edition, „ 2729; 
25. Aſtro- Theology; or a Demonſtration of 
the Being and Attributes of God, from a Surv ey 
of the Heavens. Illuſtrated with Copper Plates. 
The Fifth Edition. By the ſame Author, 5 


15926. 


26. Methodus Incrementorum directa & in- 


* = i verſa. AuRore' Brook Taylor, EL. L. D. & Re- 


iz Societatis Secretario, 4, 171). 

27. Ehiloſophical Experiments and Obſerva- 
tions of the late eminent Dr. Robert Hooke, 
F. R. S. and Geom. Prof. Greſh. and other emi- 
nent Virtuoſo's in his Time. With Copper Plates. 
Publiſhed by Willium Derham, F. R. S. 8. 1726. 

28. A Treatiſe of Architeckure, with Remarks 
and Obſervations by that excellent Maſter there- 


. 25 Sebaſtian le Clerc, Knight of the Empire, De- 


and Engrav er to the Cabinet of the late 
rench King, and Member of the Academy of 
Arts and Sciences; neceſſary for young People 
who would apply to that noble Art. Engraven 
in 181 Copper Plates by Fob# Sturt. Tranſlated 
by Mr. Chambers. In 2 Vol. 8˙ 1725. 
29. The Wiſdom of God manifeſted in the 
Works of the Creation; in two Parts. To which 
are added Anſwers to ſome Objections. By John 
Ray, late Fellow of the Ro 98 al 79665 The 
Eighth Edition, 8“, 1722. 20 TY 


